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La cabeza del caballo es una región muy com-pleja desde un punto de vista anatómico, y en ella pueden aparecer numerosas patologías de 
gran importancia clínica. Los signos clínicos aso-
ciados dependen en gran medida de las estruc-
turas afectadas, por lo que el diagnóstico de los 
procesos patológicos que afectan a esta región es 
a menudo complicado. El abordaje diagnóstico 
de las enfermedades de la cabeza debe comen-
zar siempre por una exploración física completa, 
aunque la información obtenida es con frecuen-
cia limitada y debe ser completada con métodos 
complementarios, donde las técnicas de diagnós-
tico por imagen juegan un papel fundamental.
Las técnicas de diagnóstico por imagen emplea-
das hoy día para el estudio de la cabeza del ca-
ballo incluyen la radiología, la ecografía, la gam-
magrafía, la tomografía computarizada (TC) y la 
resonancia magnética (RM).
La radiografía es la técnica de imagen más uti-
lizada para el estudio de la cabeza equina en la 
práctica clínica. Sin embargo, la interpretación 
radiográfica de esta área puede ser muy difícil 
como consecuencia de la superposición de nu-
merosas estructuras anatómicas, del enmasca-
ramiento de zonas radiolúcidas por parte del 
hueso cortical, así como por la complejidad ana-
tómica de la región. Por ello es casi siempre ne-
cesaria la obtención de imágenes en numerosas 
proyecciones, con angulaciones diferentes, para 
estudiar con mayor precisión distintas  zonas de 
la cabeza. Radiológicamente es posible recono-
cer las lesiones mediante la identificación de al-
teraciones o interrupciones del contorno normal 
de las estructuras, o bien mediante la observa-
ción de cambios de tamaño o de opacidad. Estas 
alteraciones no son siempre fáciles de identifi-
car, lo cual se hace más evidente en zonas ana-
tómicamente complejas. La radiología se suele 
utilizar como la técnica de imagen inicial para el 
estudio de alteraciones de los huesos del cráneo 
y la mandíbula, de la cavidad nasal y senos para-
nasales, de los dientes y de la faringe.
La ecografía se utiliza para evaluar con gran de-
talle algunas patologías que se localizan en la 
cabeza del caballo. La alta calidad de las imáge-
nes ecográficas se basa en el elevado contraste 
de tejidos blandos y la elevada resolución espa-
cial de esta técnica. Sin embargo, debido a que 
los ultrasonidos no pueden penetrar el hueso ni 
el gas, la ecografía no permite evaluar numero-
sas estructuras de la cabeza de elevado interés 
clínico. Aunque esta técnica es particularmente 
útil para el examen del ojo y la órbita, también se 
puede emplear para evaluar otras estructuras de 
tejido blando (p.ej. la lengua), los márgenes de las 
estructuras óseas superficiales y la articulación 
temporomandibular.
La gammagrafía es una técnica que refleja los 
procesos fisiológicos activos mediante la detec-
ción de rayos γ emitidos por un radioisótopo in-
yectado por vía endovenosa al paciente. Aunque 
su uso para evaluar la cabeza del caballo es poco 
común, se puede utilizar para la detección de pa-
tologías dentarias, de los senos paranasales y de 
los huesos del cráneo.
Las técnicas de diagnóstico por imagen avan-
zadas, como son la tomografía computarizada 
y la resonancia magnética, generan imágenes 
tomográficas, lo que permite la visualización de 
las estructuras internas de la cabeza sin que se 
superpongan los tejidos de alrededor. La base 
física varía enormemente en función de la téc-
nica; las imágenes de TC se obtienen mediante 
la rotación rápida del conjunto de un generador 
de rayos X y una matriz de detectores alrededor 
del paciente, mientras que las imágenes de RM 
son el resultado de la excitación de los tejidos 
magnetizados por ondas de radiofrecuencia. Ge-
neralmente el paciente es examinado bajo anes-
tesia general, sin embargo recientemente se ha 
desarrollado una técnica de TC que permite el 
estudio de la cabeza con el caballo en estación. 
Mediante la aplicación de un medio de contraste 
intravenoso es posible incrementar la detección 
de estructuras patológicas; en TC se utiliza un 
contraste yodado, mientras que en RM se em-
plea gadolinio. En general, la TC permite valorar 
con mayor detalle las estructuras óseas, mien-
tras que la RM es superior para los tejidos blan-
dos gracias a la obtención de diferentes secuen-
cias, lo que permite una caracterización precisa 
de los diferentes tejidos o lesiones. l l l
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Ante el dilema que surge en la práctica clínica en 
la elección de la técnica de imagen (TC o RM) más 
indicada para el estudio de la cabeza, se plantean 
los siguientes objetivos:
l Estudiar la utilidad diagnóstica de la resonan-
cia magnética de alto y bajo campo en las pato-
logías de la cabeza del caballo.
l Estudiar la utilidad diagnóstica de la tomo-
grafía computarizada en las patologías de la ca-
beza del caballo.
l Comparar la utilidad diagnóstica de la reso-
nancia magnética y la tomografía computariza-
da con las técnicas de diagnóstico por imagen 
convencionales.
l Desarrollar y optimizar un protocolo de an-
giografía por resonancia magnética para el es-
tudio de la cabeza del caballo utilizando equi-
pos de alto y bajo campo.
l Llevar a cabo una descripción anatómica 
completa del sistema vascular normal de la ca-
beza del caballo mediante angiografía por reso-
nancia magnética.
Con el fin de abordar los objetivos propuestos se 
llevaron a cabo tres estudios independientes.
El primer estudio consistió en la descripción de 
las lesiones por resonancia magnética identifica-
das en una amplia población de caballos con pa-
tologías de la cabeza. Se llevó a cabo un estudio 
retrospectivo en un periodo de 13 años, usando 
equipos tanto de alto como de bajo campo. Un 
total de 84 caballos cumplieron los criterios de 
inclusión, incluyendo alteraciones neurológicas 
(n = 65), sinonasales (n = 14) y de los tejidos blan-
dos (n = 5). La resonancia magnética mostró con 
gran precisión la anatomía de la cabeza y además 
permitió la identificación de la lesión primaria y 
los cambios asociados en cada caso. Hubo una 
buena correlación entre los hallazgos de resonan-
cia magnética y los resultados intraoperatorios 
o post-mortem. Asimismo, gracias a esta técnica 
fue posible la localización, la determinación del 
tamaño y relación con las estructuras circundan-
tes de cada lesión. La resonancia magnética fue 
particularmente útil para el diagnóstico de altera-
ciones del sistema nervioso central y de los tejidos 
blandos, así como para la identificación de masas 
ocupantes de espacio de la cavidad nasal y senos 
paranasales. Mediante el uso de la RM también 
fue posible evaluar los dientes, especialmente la 
cavidad pulpar y el espacio periodontal.
En el segundo artículo, se llevó a cabo un estudio 
retrospectivo en el que se describieron los hallaz-
gos por tomografía computarizada en un grupo 
grande de caballos con patologías de la cabeza. En 
este estudio se incluyeron caballos examinados 
en un periodo de 8 años. Un total de 59 caballos 
cumplieron los criterios de inclusión, incluyendo 
alteraciones dentales, nasales y de los senos pa-
ranasales (n = 42), óseas y/o articulares (n = 11) 
y de los tejidos blandos (n = 6). Además se llevó a 
cabo una comparación de los hallazgos por TC y 
radiográficos en los casos de patología dental, na-
sal, sinusal y ósea. La tomografía computarizada 
mostró una sensibilidad (100%) y especificidad 
(96,7%) superiores a las de la radiografía en el 
diagnóstico de alteraciones dentales. En compa-
ración con la TC, la radiología presentó una baja 
sensibilidad para la detección de afectación de los 
senos paranasales, siendo especialmente baja en 
los senos conchal ventral (43,5%) y esfenopalatino 
(16,7%). La TC además permitió la identificación 
de un mayor número de fragmentos óseos y lí-
neas de fracturas en los huesos maxilar, lagrimal, 
esfenoides, temporal y cigomático, que no fueron 
identificados en las radiografías. Mediante el uso 
de esta técnica también fue posible la evaluación 
detallada de las articulaciones temporohioidea y 
temporomandibular. La TC permitió llevar a cabo 
una evaluación completa de la cabeza del caballo, 
aportando información adicional sobre múltiples 
proyecciones radiográficas.
En el tercer estudio se describió un nuevo método 
para evaluar la vascularización de la cabeza del 
caballo con RM, mediante el uso de una técnica 
angiográfica sin contraste por resonancia mag-
nética conocida como time-of-flight (TOF-MRA). 
Para llevar a cabo este estudio se utilizaron 5 ca-
ballos sanos, de los cuales 4 fueron examinados 
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que el quinto se exploró en un equipo de alto 
campo. Las imágenes de obtenidas se compa-
raron con reconstrucciones de TC de un molde 
vascular, que fue utilizado como referencia ana-
tómica. Esta técnica angiográfica proporcionó 
una buena visualización de los principales vasos 
sanguíneos intra- y extracraneales con un diáme-
tro superior a los 2 mm, tanto con el equipo de 
RM de bajo campo como con el de alto campo. 
Además, fue posible la evaluación de la morfolo-
gía, simetría y tamaño de los vasos sanguíneos. 
La visibilidad de las arterias fue superior a la de 
las venas, las cuales presentaron una intensidad 
de señal inferior. En general, la técnica de angio-
grafía por resonancia magnética de alto campo 
proporcionó una mejor visualización de las arte-
rias, presentando una resolución superior de las 
pequeñas ramas arteriales.
Las conclusiones generales de este trabajo son las 
siguientes:
1. Tanto la resonancia magnética de alto campo 
como la de bajo campo son técnicas de diagnós-
tico por imagen adecuadas para la valoración en 
detalle de la cabeza del caballo.
2. La resonancia magnética es la técnica de elec-
ción para el estudio del sistema nervioso central, 
tanto del encéfalo como de los nervios craneales, 
y de los tejidos blandos extracraneales, como son 
la órbita, los linfonódulos, los vasos sanguíneos, 
los músculos y las glándulas salivares.
3. La resonancia magnética es una técnica apta 
para el estudio de la cavidad nasal y los senos 
paranasales en el caballo. Gracias al gran con-
traste de tejidos blandos que ofrece esta técnica 
es posible una buena diferenciación entre los di-
ferentes tipos de tejidos, lo cual resulta particu-
larmente útil para diferenciar el origen de masas 
ocupantes de espacio en la cavidad nasal y senos 
paranasales. Sin embargo, el uso de la resonancia 
magnética en casos de patología dental se limita 
a lesiones que afectan a la cavidad pulpar, el espa-
cio periodontal, la lámina dura y la médula ósea 
del hueso alveolar.
4. La técnica de angiografía por resonancia mag-
nética es un excelente método para evaluar los va-
sos sanguíneos de la cabeza equina y se puede apli-
car en resonancia magnética tanto de alto como 
de bajo campo. Esta secuencia permite visualizar 
los principales vasos sanguíneos intra- y extracra-
neales con un grosor superior a 2 mm de diámetro 
aproximadamente. La visualización del sistema 
arterial es superior a la del sistema venoso.
5. La secuencia time-of-flight se puede incorporar 
como parte del protocolo rutinario de resonancia 
magnética en caballos con masas de tejidos blan-
dos o alteraciones vasculares, sin que implique 
un aumento excesivo del tiempo de estudio.
6. La tomografía computarizada es otra técni-
ca de diagnóstico por imagen apta para la valo-
ración en detalle de la cabeza del caballo, pero 
presenta diferentes indicaciones a las de la reso-
nancia magnética. Ambas técnicas son, por tanto, 
complementarias entre sí. Sin embargo, cuando 
se dispone de ambas es preciso tener en cuenta la 
sospecha clínica a la hora de decidir qué técnica 
es la más adecuada.
7. La tomografía computarizada es la técnica de 
elección para el estudio de los huesos del cráneo, 
la mandíbula, la articulación temporomandibu-
lar, la articulación temporohioidea y los dientes. 
Esta técnica es adecuada para el estudio de la 
cavidad nasal y los senos paranasales, siendo es-
pecialmente útil en la identificación de lesiones 
sutiles que afectan a las paredes de la cavidad 
nasal y los senos. La tomografía computarizada 
es innegablemente superior a la radiología en la 
identificación de alteración de la cavidad nasal, 
de los senos paranasales y de los dientes. Por tan-
to, cuando se dispone de esta técnica la radiología 
queda postergada a un segundo plano en el diag-
nóstico de lesiones de esta región.
8. La tomografía computarizada puede identifi-
car lesiones del sistema nervioso central a nivel 
intraventricular y extraaxial, sin embargo, su 
utilidad en casos de lesiones intraaxiales es muy 
limitada. Esta técnica también puede utilizarse 
para la identificación de alteraciones de los teji-
dos blandos extracraneales, aunque con menor 
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The equine head is a highly complex anatomic area and many different disorders of poten-tially major clinical importance can settle in 
this area with clinical signs varying largely on the 
affected structur es, making the diagnosis of this 
region often challenging. The diagnostic approach 
of head diseases must start with a thorough phys-
ical examination. However, the information ob-
tained from physical examination is commonly 
limited, and often needs to be complemented by 
ancillary diagnostic tests with diagnostic imaging 
techniques playing a crucial role.
Diagnostic imaging modalities used for studying 
this area include radiography, ultrasonography, 
scintigraphy, computed tomography (CT) and 
magnetic resonance imaging (MRI). 
Radiography is the most commonly used im-
aging modality for studying the equine head in 
practice. Radiographic interpretation of this area 
is challenging because of superimposition of nu-
merous anatomical structures, dense cortical 
bone masking more lucent areas, as well as the 
relatively complex anatomy of this region, mak-
ing obtention of numerous projections (at various 
different angles) of each area mandatory. Disease 
processes are detected radiographically by iden-
tifying disrupted or altered contours, or changes 
in size, or radiopacity. These alterations are not 
always easy to see in complex anatomical areas. 
Main indications of radiography as a first line 
imaging modality are suspected pathology of the 
skull and mandible, nasal cavity, paranasal sinus-
es, teeth and pharynx.
Ultrasonography is another imaging modality 
used for assessing certain conditions affecting 
the equine head with high detail. High soft tissue 
contrast and spatial resolution of medical ultra-
sound technology being at the source of these 
high quality images. Sound beams however can-
not penetrate through the osseous structures of 
the skull or gas within the airways; precluding 
assessment of numerous head structures of inter-
est. Although this technique is particularly useful 
for the examination of the eye and orbit, it can 
also be used for other soft tissue structures (e.g. 
tongue), the surface of superficial osseous struc-
tures, and the temporomandibular joint.
Scintigraphy is a sensitive technique that re-
flects active physiological processes by detect-
ing γ-rays emitted from decay of a radionuclide, 
previously injected in the patient. Although its 
use in the equine head is uncommon, it can be 
used for detecting pathology of teeth, paranasal 
sinuses and the skull.
Advanced diagnostic imaging techniques, such as 
computed tomography and magnetic resonance 
imaging, produce images that depict anatomy in 
a series of two-dimensional cross-sections, allow-
ing visualization of internal structures of the head 
without being obscured by overlying tissues. The 
technology is based on different physical mecha-
nisms; CT images are obtained by rapid rotation 
of an x-ray generator and detector array around 
the patient, whereas MRI images are the result 
of the stimulation of magnetized tissues by radi-
ofrequency waves. The patient is commonly im-
aged under general anesthesia, however recently 
a CT technique for scanning the equine head in 
standing position has been developed. Contrast 
enhancement of pathologic structures can be ob-
tained by injecting an intravenous contrast me-
dium; iodine or gadolinium for CT and MRI, re-
spectively. In general, CT provides better images 
of bony structures, while MRI is superior in im-
aging soft tissue by obtaining several sequences, 
which allows precise characterization of different 
tissues or lesions.
The question of choosing the best indicated im-
aging modality between computed tomography 
and magnetic resonance imaging for studying the 
equine head in clinical situations derived the fol-
lowing objectives of our study:  
l  To study the diagnostic usefulness of high-field 
versus low-field magnetic resonance imaging in 
horses with head disorders.
l  To study the diagnostic usefulness of comput-
ed tomography in horses with disorders affect-
ing the head.
l  To compare the diagnostic usefulness of magnetic 
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resonance imaging and computed tomography to 
conventional diagnostic imaging modalities.
l To develop and optimize a magnetic reso-
nance angiography protocol for the equine 
head using low-field and high-field magnetic 
resonance systems.
l  To provide a thorough anatomical description 
of normal magnetic resonance angiography im-
ages from healthy horses.
In order to address the proposed objectives we 
conducted three separate studies.
The first study described MRI characteristics 
and indications for a large sample of horses with 
head disorders. Horses imaged over a period of 
13 years were included, using either high-field 
or low-field magnets. Eighty-four horses met the 
inclusion criteria, having neurological (n = 65), 
sinonasal (n = 14), and soft tissue (n = 5) dis-
orders. Magnetic resonance imaging accurately 
depicted the anatomy and allowed identification 
of the primary lesion and associated chang-
es. There were good correlations between MRI 
findings and intraoperative or postmortem re-
sults with MRI showing exact localization of the 
lesions, their size, and relation to surrounding 
structures. This technique was particularly use-
ful for the diagnosis of central nervous system 
and soft tissue disorders, as well as identification 
of nasal and paransal sinus occupying lesions. 
MRI also allowed assessment of dental pulp cav-
ity and periodontal space.
A similar retrospective study was conducted for 
describing CT characteristics and indications 
of equine head diseases in the second study. 
Horses imaged over a period of 8 years were 
included. Fifty-nine horses met the inclusion 
criteria, having dental and/or sinonasal (n = 
42), osseous and/or articular (n = 11), and soft 
tissue (n = 6) disorders. Comparison of radio-
graphic and CT findings was performed in cas-
es of dental, sinonasal and osseous disorders. 
Computed tomography had higher sensitivity 
(100%) and specificity (96.7%) than radiogra-
phy in diagnosing dental disease. Compared 
to CT, radiographic identification of sinus in-
volvement was less sensitive, particularly for 
ventral conchal and sphenopalatine sinuses 
and presented an overall sensitivity of 43.5% 
and 16.7%, respectively. CT allowed identifica-
tion of a higher number of bone fragments and 
fractures in the maxillary, lacrimal, sphenoidal, 
temporal, and zygomatic bones not identified 
radiographically. Accurate identification of CT 
changes in the temporomandibular joint and 
temporohyoid articulation was also possible. 
CT allowed a thorough evaluation of the equine 
head, yielding additional information over mul-
tiple radiographic views.
In the third study we described a new method for 
evaluating the equine head vasculature with MRI, 
by using a non-contrast magnetic resonance an-
giography (MRA) technique called time-of-flight 
(TOF-MRA). Five healthy horses were recruited. 
Four were studied on a low-field magnet and one 
on a high-field magnet. MRI images were com-
pared to CT images of a vascular corrosion cast, 
which was used as anatomical reference. MRA 
protocol provided good visualization of all major 
intra- and extracranial blood vessels down to a 
size of approximately 2 mm in diameter on both 
low- and high-field systems, allowing evaluation 
of vessel morphology, symmetry and size. The 
visibility of the arteries was higher than of the 
veins, which showed lower signal intensity. Over-
all, MRA obtained with the high-field protocol 
provided better visualization of the arteries, with 
superior resolution of small arterial branches.
General conclusions from this work are:
1. Both high-field and low-field magnetic reso-
nance imaging systems are suitable imaging tech-
niques for assessing the equine head with high 
detail, but may be inferior to computed tomogra-
phy for certain conditions.
2. Magnetic resonance imaging can be consid-
ered the gold standard for studying the central 
nervous system, including the brain and cranial 
nerves, as well as the extracranial soft tissues, 
including the orbit, lymph nodes, blood vessels, 
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3. Magnetic resonance imaging is adequate for 
studying the nasal cavity and paranasal sinuses, 
and it is particularly useful for differentiating 
space-occupying lesions, where its high soft tis-
sue contrast resolution allows good differentia-
tion of different tissue types. Diagnostic useful-
ness of magnetic resonance imaging in cases of 
dental disease is limited to lesions involving the 
pulp cavity, the periodontal space, the lamina 
dura and the bone marrow of the alveolar bone.
4. Time-of-flight magnetic resonance angiog-
raphy is an excellent technique to assess blood 
vessels of the head and can be performed us-
ing both high-field and low-field magnetic reso-
nance imaging systems in equine patients. This 
rapid sequence provides good visualization of 
all major intra- and extracranial vessels down 
to a size of approximately 2 mm in diameter. 
Visibility of the arterial system is superior than 
the venous system.
5. Time-of-flight magnetic resonance angiography 
can be incorporated as part of routine imaging pro-
tocols in horses affected with soft-tissue space-oc-
cupying lesions or vascular abnormalities, without 
excessive increase in examination time.
6. Computed tomography is another suitable 
imaging technique for assessing the equine head 
with high detail, but has different indications 
than magnetic resonance imaging. Both imaging 
modalities are therefore complementary to each 
other, and when both modalities are available, 
preemptive knowledge of the clinically suspected 
condition is paramount in deciding which modal-
ity is most indicated.
7. Computed tomography can be considered 
the gold standard for studying the skull and 
mandible, the temporomandibular joint, the 
temporohyoid articulation and the teeth. Com-
puted tomography is adequate for studying the 
nasal cavity and paranasal sinuses, being par-
ticularly useful for identifying subtle nasal and 
sinusal wall lesions. Computed tomography 
is undeniably superior to radiology for iden-
tifying sinonasal and dental lesions and when 
available, makes radiology almost obsolete for 
conditions involving these areas.
8. Computed tomography can identify intraven-
tricular and extraaxial brain lesions, however, di-
agnostic usefulness of computed tomography in 
cases of intraaxial lesions is limited. Extracrani-
al soft tissue lesions can be identified with com-
puted tomography, but with less detail than with 
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 ADC: Apparent diffusion coefficient
 B0: External magnetic field
 B1: Radiofrequency pulse
 BW: Bandwidth
 CE-MRA: Contrast enhanced magnetic  
  resonance angiography
 CSF: Cerebrospinal fluid
 CT: Computed tomography
 CTA: Computed tomography angiography
 DWI: Diffusion weighted imaging
 FEG: Frequency-encoding gradient
 FLAIR: Fluid attenuated inversion recovery
 FOV: Field of view
 FSE: Fast spin echo
 GRE: Gradient recalled echo
 HMPAO: Hexamythyl-propyleneamine oxime
 HU: Hounsfield units
 I: Iodine
 IR: Inversion recovery
 IRU: Increase of  
  radiopharmaceutical uptake
 MDCT: Multidetector computed  
  tomography
 MDP: Methylene diphosphonate
 MinIP: Minimum intensity projection
 MIP: Maximum intensity projection
 MPR: Multiplanar reconstruction
 MRA: Magnetic resonance angiography
 MRI: Magnetic resonance imaging
 Mxy: Transverse magnetization
 Mz: Longitudinal magnetization
 NEX / NAD: Number of excitations / acquisitions
 NPV: Negative predictive value
 PC-MRA: Phase contrast magnetic  
  resonance angiography
 PD: Proton density
 PEG: Phase-encoding gradient
 PPV: Positive predictive value
 RF: Radiofrequency
 ROI: Region of interest
 SE: Spin echo
 Se: Sensitivity
 Sp: Specificity
 SPGR: Spoiled gradient recalled echo
 SSG: Slice selection gradient
 STIR: Short tau inversion recovery
 T: Tesla
 T1W: T1-weighted
 T1WC: T1-weighted post contrast
 T2W: T2-weighted
 T2*W: T2*-weighted
 TE: Time of echo
 TI: Time of inversion
 TMJ: Temporomandibular joint
 TOF-MRA: Time of flight magnetic  
  resonance angiography
 TR: Time of repetition
 TSE: Turbo spin echo
 US: Ultrasound
 WL: Window level
 WW: Window width
 μ: Linear attenuation coefficient
 w0: Larmor frequency
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The equine head is a highly complex anatomic area, as it con-tains part of the respiratory, digestive and nervous systems 
as well as the organs of vision and audition (König and Lieb-
ich, 2010). Therefore, many different disorders of potentially 
major clinical importance can settle in this area with clinical 
signs varying largely on the affected structures, making the di-
agnosis of these conditions often challenging. The diagnostic 
approach of head diseases must start with a thorough phys-
ical examination (MacDonald, 1993). However, the informa-
tion obtained from physical examination is commonly limited, 
and often needs to be complemented by ancillary diagnostic 
tests with diagnostic imaging techniques playing a crucial role 
(Mair et al., 2013; Tucker and Farrell, 2001).
Diagnostic imaging modalities used for studying this area 
include radiography, ultrasonography, scintigraphy and ad-
vanced cross sectional techniques, such as computed tomogra-
phy (CT) and magnetic resonance imaging (MRI). Indications 
for each modality depend on the affected area as well as the 
clinically suspected condition (MacDonald, 1993).
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1.1. Conventional imaging  
 techniques of the equine head
1.1.1. Radiography
Traditionally, radiography has been the imaging 
technique of choice to assess the equine head. 
The first reports describing its use for this region 
are from the 1970s (Cook, 1970; 1973). Acquiring 
high quality diagnostic radiographs of the equine 
skull can be a challenging task. Complicated by 
insufficient output of portable x-ray generators 
commonly used in general practice, and the occa-
sional necessity of general anesthesia for certain 
cases; its use was initially more restricted to refe-
rral centers (Wyn-Jones, 1985b). However, thanks 
to continuous development of new radiographic 
systems (e.g. intensifying screens) and more re-
cently the introduction of digital radiology in 
veterinary medicine, this imaging modality has 
now become a common diagnostic tool in general 
practice (Baratt, 2013; Barrett and Easley, 2013).
Radiographs of the skull are usually obtained in 
the standing sedated horse, using a rope halter 
and a headstand to stabilize the head (Barrett 
and Easley, 2013). Because this area is large and 
anatomically complex, large cassettes (35 cm x 43 
cm) should be used in order to maintain spatial 
relationships when evaluating the radiograph. 
Radiographic technique will vary depending on 
the area of interest due to large differences in 
x-ray attenuation between the different tissues 
in this region (e.g. enamel is in stark contrast to 
air within the sinuses) (Park, 1993). Several pro-
jections have been described for assessing the 
different parts of this region; the most common 
views being the lateral and dorsoventral. Howe-
ver, additional specific views have been described 
for more specific areas (Table 1) (Ebling et al., 
2009; Feichtenhofer et al., 2012; Gibbs and Lane, 
1987; Lane et al., 1987a; Park, 1993; Ramzan 
et al., 2008; Townsend et al., 2009; Wyn-Jones, 
1985a; 1985b). Radiographic interpretation of the 
equine head can be challenging because of supe-
rimposition of numerous anatomical structures, 
dense cortical bone masking more lucent areas, 
as well as the relatively complex anatomy of this 
region (Wyn-Jones, 1985b). Detailed indications 
and description for separate areas of the equine 
head are given in the following headings.
In order to increase the diagnostic yield of 
some radiographic examinations of the head, 
injection of contrast medium within different 
structures can be performed. The contrast me-
dium consists of a radiopaque substance that 
fills the injected structure; with the most com-
monly used being an iodinated non-ionic agent. 
Contrast radiography is a valuable technique in 
the investigation of several conditions; its most 
common form consisting in the injection of the 
contrast agent into a draining tract (fistulogra-
phy) for obtaining additional information on the 
course of a sinus tract, accurately delineating 
the direction and the boundaries of the lesion 
(May and Wyn-Jones, 1987). Contrast medium 
can also been injected into de nasolacrimal duct 
(dacryocystography), the mandibular and pa-
rotid salivary glands and their draining ducts 
(sialography), the paranasal sinuses (sinusogra-
phy), or blood vessels (angiography) (Behrens 
et al., 1991; Colles and Cook, 1983; Cook, 1973; 
Dehghani et al., 2005; C. A. Latimer et al., 1984; 
Macdonald et al., 1999). n
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1.1.1.1 Premaxilla (incisor bone)  
 and rostral mandible
The premaxilla and rostral mandible can be eval-
uated radiographically by obtaining lateral, dors-
oventral, intraoral dorsoventral and/or ventrodor-
sal projections. The main indication of the latter 
is avoiding overlapping of the rostral mandible or 
the premaxilla, respectively (Baratt, 2013; Park, 
1993; Wyn-Jones, 1985b).
Fractures of the rostral mandible are the most 
common fracture type observed in this area and 
are typically seen in young horses (Wyn-Jones, 
1985a). In contrast, premaxillary fractures are 
less common. In both cases incisor teeth are usu-
ally involved in the fracture. Therefore intraoral 
views are recommended for visualizing the 
course of the fracture line, as well as for assessing 
the potential dental lesions (Park, 1993).
Root infection of the incisor and canine teeth is 
less common than of the premolars and molars, 
but do occur. Radiographic changes consist of an 
increase of opacity of the alveolar bone surround-
ing the tooth root, which can be clubbed, and 
widening of the periodontal space may be also 
noted. These changes are best visualized using a 
bisecting angle technique with an intraoral view 
(Barrett and Easley, 2013; Klugh, 2005). Odontoc-
lastic tooth resorption and hypercementosis may 
also be observed at the incisor and canine roots of 
aged horses. This can be radiographically recog-
nized as a widening of the periodontal space and 
marked hypercementosis of the reserve crowns 
(Staszyk et al., 2008).
Tumors, although uncommon, may occur in this 
area. Osteomas, odontogenic tumors (such as 
ameloblastomas or odontomas) and epidermoid 
cysts being the most commonly reported (Cook, 
1970; Pirie and Dixon, 1993).
1.1.1.2. Mandible
The body of the mandible runs from the inter-
alveolar space (diastema) to the vertical ramus, 
and can be assessed radiographically with a lat-
eral and a ventro 45º lateral-dorsolateral oblique 
view. Overlapping limits the use of these views 
for detecting subtle changes, especially around 
the teeth. Additional projections may therefore 
be obtained, including open-mouth dorso 10º lat-
eral-ventrolateral oblique view for assessing the 
erupted (clinical) crowns, and intraoral views 
(Baratt, 2013; Park, 1993; Wyn-Jones, 1985b).
Fractures of the body of the mandible are most 
commonly unilateral and have an oblique 
course, affecting the second premolar and oc-
casionally the third premolar. Tooth root infec-
tions may occur if the fracture enters the alveo-
lus (Wyn-Jones, 1985a). Multiple oblique views 
may be needed for determining the involve-
ment of the teeth, the presence of fragments, 
the degree of comminution and displacement, 
the extent of the fracture and any compromise 
of the neural canals (Park, 1993).
Dental disease commonly affects the mandibular 
teeth and although there is less overlapping com-
pared to maxillary teeth, oblique radiographs are 
still essential for accurate diagnosis (Barrett and 
Easley, 2013). This condition is usually present-
ed as alveolitis or apical abscesses, the first one is 
identified by a widening of the periodontal space 
with resorption of the lamina dura, while the lat-
ter is characterized by blunting of the tooth root, 
surrounded by osteolysis and osseous sclerosis of 
the alveolar bone (Gibbs and Lane, 1987; Park, 
1993). Apical abscesses in the mandible often de-
velop into draining tracts to the outside, which 
can be recognized radiographically as a lytic tract 
extending through the ventral mandibular cortex 
(Park, 1993). In these cases the use of metallic 
probes placed into the draining tract or the injec-
tion of contrast medium can provide additional 
information for identifying the affected apical 
portion and providing a landmark for surgery 
planning (Barakzai, 2011).
1.1.1.3. Nasal cavity and paranasal sinuses
Radiographic examination of the maxillary re-
gion is the most commonly performed skull ra-
diographs in the horse (Barrett and Easley, 2013; 
Wyn-Jones, 1985b). Radiology provides a good 
diagnostic complement to physical examination 
and endoscopy, however, anatomical complexity 
and superimposition of surrounding structures l l l
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represent an important limitation in this region 
(Arencibia et al., 2000; D’Août et al., 2014). Ob-
taining several radiographic projections in order 
to assess the different structures present in this 
region is therefore essential. A standard radi-
ographic examination usually includes a later-
al, a dorsoventral and both right and left dorso 
30º lateral-ventrolateral oblique views. Specific 
additional projections are also described, such 
as dorso 75º lateral-ventrolateral oblique for 
the paranasal sinuses, or open mouth ventro 
15º lateral-dorsolateral oblique, offset mandi-
ble dorso-ventral, and intraoral views of the 
maxillary premolar and molar teeth (Barakzai, 
2005a; Baratt, 2013; Lane et al., 1987a; Park, 
1993; Wyn-Jones, 1985b).
Many different diseases can affect the maxillary 
region, with dental disease being the most com-
mon, and represents approximately 22% of the 
horses with sinonasal disease (Tremaine and Dix-
on, 2001). Radiographic identification of dental 
pathology may be challenging due to overlapping 
of surrounding structures and frequent associa-
tion of dental disease with sinusitis, partially ob-
scuring the teeth with a soft tissue opacity from 
the sinuses (Gibbs and Lane, 1987; Wyn-Jones, 
1985a). This is particularly significant in detect-
ing alveolar bone sclerosis, which is one of the 
radiographic signs of dental disease and already 
particularly difficult to accurately define (Barrett 
and Easley, 2013). It is therefore not surprising 
that radiographic sensitivity in diagnosing dental 
disease has been reported to be low (51.5 – 57%). 
In contrast though, a high specificity (91 – 95%) 
can be achieved with this modality (Tremaine 
and Dixon, 2001; Weller et al., 2001). Radiograph-
ic features of periapical infection can be diverse, 
but the most reliable indicators include periapical 
sclerosis, periapical halo formation and clubbing 
of the tooth root. All of them show good sensitiv-
ity and specificity (Townsend et al., 2011). These 
signs are however only seen in advanced den-
tal disease (Gibbs and Lane, 1987; Wyn-Jones, 
1985a). Conversely, radiographic signs detectable 
in the early stages of apical infection (e.g. widen-
ing of the periodontal space and loss of the lami-
na dura) are less reliable (Townsend et al., 2011). 
Loss of the lamina dura was found to have high 
sensitivity (90%), but very low specificity (34%), 
so this feature should be interpreted cautious-
ly (Bühler et al., 2014; Townsend et al., 2011). 
Other radiographic features of periapical infec-
tion include cementum deposition around the 
reserve crown, cementoma formation, reserve 
crown fragmentation, reserve crown lucen-
cy, dental dysplasia and dental displacement 
(Gibbs and Lane, 1987; Townsend et al., 2011; 
Wyn-Jones, 1985a). Diastemata formation and 
crown fractures may also be seen in association 
with periapical infections, being potential caus-
es for this condition (Park, 1993).
Sinusitis consists on an inflammation of the para-
nasal sinuses, and is commonly associated with 
presence of fluid within the sinuses (Tremaine and 
Dixon, 2001). This disease may be caused by pri-
mary bacterial or mycotic infection, or can occur 
secondary to dental disease, facial trauma, sinus 
cysts, progressive ethmoid hematomas, or sinon-
asal neoplasia (Gibbs and Lane, 1987; Park, 1993; 
Tremaine and Dixon, 2001; Wyn-Jones, 1985a). 
Dental disease is the most common cause of sec-
ondary sinusitis (Mason, 1975; Tremaine and 
Dixon, 2001). Sinusitis can be recognized radio-
graphically by the presence of fluid lines, which 
represent air-fluid interfaces (Gibbs and Lane, 
1987). In cases of more chronic sinusitis, areas 
of increased soft tissue opacity may be observed 
within the sinuses as a result of more inspissated 
fluid. Other radiographic features of sinusitis in-
clude a more diffuse increase in soft tissue opac-
ity throughout the paranasal sinuses when these 
are fully fluid filled, or when generalized mucosal 
thickening occurs. Cortical bone expansion and 
sinus septal deviation are less commonly seen 
(P. M. Dixon et al., 2012; Gibbs and Lane, 1987; 
Tremaine and Dixon, 2001; Wyn-Jones, 1985a). 
The caudal and rostral maxillary sinuses are the 
most commonly affected, although any of the si-
nus compartments can be affected (P. M. Dixon 
et al., 2012). Due to further superimposition and 
their smaller size, assessment of ventral conchal 
and sphenopalatine pathology is even more chal-
lenging, therefore only showing abnormalities 
when severely affected. As involvement of those 
sinuses has great diagnostic and prognostic im-
portance, several projections such as offset man-
l l l
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dible dorsoventral view are needed in order to 
increase their visibility (Finnegan et al., 2011; Per-
kins et al., 2009; L. J. Smith and Perkins, 2009).
Fractures secondary to direct trauma are com-
mon in the nasal cavity and paranasal sinuses, 
with depressed fractures being most common 
(Park, 1993). Radiographic identification of the 
fracture may be difficult due to overlapping 
of numerous structures with different opaci-
ty, as well as the curved shape of the fracture 
fragments (Lane et al., 1987a). The x-ray beam 
therefore needs to be tangential to the bone 
fragment in order to become visible, and several 
projections at slightly different angles of obliq-
uity may therefore be required (Park, 1993). 
Considering their pronounced curvature, this is 
particularly the case in orbital and zygomatic 
arch fractures (Barrett and Easley, 2013). Soft 
tissue opacities within the paranasal sinus-
es may further obscure the bony fragments. 
These opacities corresponding to hemorrhage/
blood clots and secondary sinusitis in acute and 
chronic fractures, respectively (Park, 1993).
Masses within the nasal cavity and paranasal si-
nuses comprise a wide range of different etiolo-
gies; the most common ones being sinus cysts, 
progressive ethmoid hematomas and neoplasms 
(Gibbs and Lane, 1987; Head and Dixon, 1999; 
Lane et al., 1987b; Park, 1993; Tremaine, 2013; 
Tremaine and Dixon, 2001; Woodford and Lane, 
2006; Wyn-Jones, 1985a). Sinus cysts are charac-
terized by a well-defined, smoothly marginated, 
expansile and multiloculated soft tissue opaci-
ty within maxillary and conchofrontal sinuses 
(Lane et al., 1987b; Woodford and Lane, 2006). 
Secondary radiographic features associated with 
sinus cysts include nasal septum deviation, dental 
displacement, cyst wall mineralization, and cor-
tical bone thinning due to expansion (Gibbs and 
Lane, 1987; Lane et al., 1987b; Tremaine and Dix-
on, 2001). The dorsoventral view is the most help-
ful projection for margin delineation of cysts, but 
concurrent fluid within the sinuses and mucosal 
thickening may silhouette with, and therefore 
obscure the cysts (Barrett and Easley, 2013). Pro-
gressive ethmoid hematomas are most common-
ly found in the region of the ethmoid turbinates, 
but are occasionally also affecting the paranasal 
sinuses (P. M. Dixon et al., 2012; Gibbs and Lane, 
1987; Wyn-Jones, 1985a). This structure generally 
appears as a well-defined, smoothly marginated 
soft tissue mass (Gibbs and Lane, 1987; Tremaine 
and Dixon, 2001). When located in the sinuses, an 
ethmoid hematoma is indistinguishable from a 
sinus cyst, and may similarly be obscured by free 
sinus fluid (Barrett and Easley, 2013). Neoplasms 
of the nasal cavity and paranasal sinuses are rel-
atively rare in horses (Head and Dixon, 1999). 
Squamous cell carcinoma is the most common-
ly reported type of tumor in this location. Other 
tumors include adenocarcinoma, fibrosarcoma, 
osteosarcoma, osteoma, myxoma, dental origin 
tumors, hemangiosarcoma and lymphoma (P. M. 
Dixon et al., 2012; P. M. Dixon and Head, 1999; 
Head and Dixon, 1999; Hilbert et al., 1988). Ra-
diographic features will vary depending on the 
type of tumor from no changes to marked osse-
ous lysis and/or bone proliferation in the more 
aggressive cases (P. M. Dixon et al., 2012; Park, 
1993). The most common radiographic sign 
consists of increased sinus opacity, occasionally 
associated with fluid lines, nasal septum devia-
tion, and osseous wall expansion or remodeling 
(Park, 1993). A merely well-defined soft tissue 
mass is sometimes visualized radiographically, 
but concurrent osseous lysis may be missed due 
to superimposition of other bony structures or 
obliquity (Barrett and Easley, 2013).
1.1.1.4. Caudal skull
Radiographic examination of the cranial vault 
consists of a lateral and a ventrodorsal view (Park, 
1993). An additional dorso 30º lateral-ventrolater-
al oblique view can be obtained to examine the 
petrous temporal bone area, the osseous tym-
panic bulla and the temporohyoid articulation 
in more detail (Lane et al., 1987a; Park, 1993). 
Specific views for the temporomandibular joint 
have also been reported, including a rostro 45º 
ventro 30º lateral-caudodorsolateral oblique and 
a caudo 15º dorso 70º medial-rostroventrolateral 
oblique (Ebling et al., 2009; Ramzan et al., 2008; 
Townsend et al., 2009). This region is difficult to 
examine radiographically due to its complex an-
atomical configuration and the large amount of 
l l l
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overlapping of surrounding structures (Barrett 
and Easley, 2013). Radiographic examination 
of temporomandibular joint requires the use of 
several projections in order to avoid the superim-
position of structures and to expose the curved-
shaped articular surface (Weller et al., 1999a). 
Although tangential projections optimize visual-
ization of the articular surface and joint space, 
the medial aspect of the joint is still obscured and 
therefore, radiographic diagnosis of this joint re-
mains very limited. 
Fractures of the cranial vault, orbit and the base 
of the skull are extremely difficult to diagnose us-
ing radiography, and numerous tangential views 
are usually required (Gerding et al., 2014; Gibbs 
and Lane, 1987; O. Ramirez III et al., 1998; S. 
Ramirez and Tucker, 2004). Involvement of the 
surrounding soft tissues (e.g. eye globe and brain) 
cannot be detected on radiographs (S. Ramirez 
and Tucker, 2004; Scrivani, 2013).
Radiographic features of temporohyoid osteoar-
thropathy consist of thickening and fractures of 
the stylohyoid bone, remodeling of the temporo-
hyoid articulation and sclerosis of the petrous 
temporal bone (Hilton et al., 2009; Walker et al., 
2002). Although these changes are best visual-
ized on a ventrodorsal view, recognition of these 
changes are extremely difficult using radiography 
(Barrett and Easley, 2013).
Dentigerous cysts are a distinctive tooth-like tu-
mor that are most frequently found at the base 
of the ear attached to the temporal bone, but can 
also be observed in the maxillary region as well 
(Easley et al., 2010; Gibbs and Lane, 1987; L. C. R. 
Smith et al., 2012). Its radiographic appearance 
varies, and can range from being a round radi-
olucent structure with a striated, vertical radi-
odense pattern (aka dental buds) to present fully 
developed dental structures (Easley et al., 2010; 
Gibbs and Lane, 1987). Dentigerous cysts can 
consist of more than one dental structure, bilater-
al at times, and they typically have an associated 
draining tract (Barrett and Easley, 2013; Easley 
et al., 2010; Gibbs and Lane, 1987; L. C. R. Smith 
et al., 2012). Tangential views to the lesion are 
commonly helpful for making a diagnosis (Park, 
1993). Occasionally these cysts develop in the cra-
nium, being intimately associated with the brain, 
with surgical planning therefore often being in-
complete based on radiographs alone (Barrett 
and Easley, 2013).
1.1.1.5. Pharynx
Radiographic examination of the pharyngeal re-
gion usually consists of a lateral projection with 
the head extended to decrease the overlapping 
of the mandibular rami over the rostral aspect of 
this region (Gibbs, 2010). Radiography can give 
complementary information to endoscopy about 
both intra-luminal and extra-luminal lesions.
In the guttural pouch both active hemorrhage 
and empyema look similar, from soft tissue opaci-
ty with a fluid line to complete obliteration of nor-
mal pouch air shadow. However, in chronic cases 
organization of the blood clot produces soft tissue 
opacity mottled by irregular and poorly demar-
cated lucencies; whereas inspissated inflammato-
ry exudates can create chondroids, characterized 
by multiple smoothly marginated, irregularly 
shaped mineral opaque masses. Radiography can 
determine the amount of air accumulation and 
the degree of distension of the guttural pouch in 
cases of gutteral tympany. A ventral displacement 
of the dorsal wall of the pharynx and caudal ex-
tension of the guttural pouch beyond the level of 
the first cervical vertebra are then also observed 
(Butler et al., 2008; Wyn-Jones, 1985a).
Masses surrounding the pharyngeal area are un-
common. Their origin include the parotid sali-
vary gland, retropharyngeal lymph nodes, or the 
guttural pouch itself, the latter usually represent-
ing squamous cell carcinomas. These lesions can 
displace or obliterate the guttural pouch and/or 
the pharynx. Differentiating masses from fluid, 
and deciding whether the mass is within or ad-
jacent to the guttural pouch using radiography is 
challenging (Cook, 1973).
Diseases of the soft palate such as persistent dor-
sal displacement, cleft palate or soft palate cysts 
can also be diagnosed radiographically (Butler et 
al., 2008; Haynes et al., 1990; Wong et al., 2011; 
Wyn-Jones, 1985a). n
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Ultrasonography is a non-invasive imaging mo-
dality with high soft tissue contrast and spatial 
resolution that can be performed in the stand-
ing sedated horse, and has great potential for as-
sessing the anatomy and diseases of the equine 
head (Plummer and Reese, 2014; Rathmanner 
and Rijkenhuizen, 2012). However, a number of 
structures of interest in this region, such as na-
sal passages, paranasal sinuses, and cranium, are 
encased within bone and/or gas filled, precluding 
their ultrasonographic assessment (Plummer and 
Reese, 2014).
1.1.2.1. Eye and adnexa
Ocular ultrasonography is indicated when con-
ventional ophthalmologic examination is not pos-
sible. This includes opacities of the cornea, lens, 
aqueous humor or vitreous humor, or in cases of 
orbital trauma, severe swelling, masses, and loca-
tion of ocular foreign bodies (Seco Diaz, 2004).
Ultrasonographic evaluation of the eye globe in 
cases of ocular trauma allows identification of le-
sions within the anterior and posterior segments. 
Main alterations of the anterior segment include 
fibrin accumulation, hypopyon or hyphema, 
which often results in an increase of echogenici-
ty associated with aqueous humor (Plummer and 
Reese, 2014; Schaer, 2007; Seco Diaz, 2004). Lens 
alterations may also occur, such as capsule rup-
ture or anterior or posterior lenticular luxation or 
subluxation (Plummer and Reese, 2014; Schaer, 
2007). Changes within the posterior segment vis-
ualized by ultrasound include vitreal hemorrhage, 
retinal detachment and tears, choroidal detach-
ment and sclera rupture (Reimer and Latimer, 
2011; Schaer, 2007; Scotty et al., 2004a).
Ultrasound is useful to detect and staging cat-
aracts, which are characterized by the presence 
of echogenic to hypoechogenic areas within the 
lens (Scotty et al., 2004a). Hypermature cataracts 
usually show hyperechoic areas causing acoustic 
shadows consistent with mineralizations within 
the lens (Seco Diaz, 2004). Ultrasonography is 
also recommended in cases of cataracts for eval-
uating the posterior segment in search of concur-
rent lesions such retinal detachment (Plummer 
and Reese, 2014).
Periocular masses can have different origin, 
such as cysts, tumors or abscesses, and ultra-
sound examination is important in these cas-
es to determine the location, size, shape, and 
extension of the mass, as well as for defining 
which structures are affected (Knottenbelt et 
al., 2007; Seco Diaz, 2004).
Ultrasound also allows examination of the ret-
robulbar area for confirming the presence of a 
space occupying lesion, and to determine the lo-
cation, character, size, and relation of the mass 
to other structures (Greenberg et al., 2011; Ma-
tiasek et al., 2007; Robertson et al., 2002; Scotty 
et al., 2004b; Seco Diaz, 2004). Ultrasonograph-
ic differentiation of the origin of these lesions is 
challenging; retrobulbar abscesses, hematomas 
and neoplasms are usually imaged as discrete 
masses, whereas retrobulbar hemorrhage, cel-
lulitis, or more aggressive tumors are usually 
more diffuse (S. Ramirez and Tucker, 2004; 
Seco Diaz, 2004). Ultrasound is limited by the 
bony margins of the equine orbit, so the orbital 
space cannot be completely evaluated by ultra-
sound (S. Ramirez and Tucker, 2004).
Foreign bodies, both intraocular and orbital, 
can be successfully detected with the use of ul-
trasound (S. Ramirez and Tucker, 2004; Seco 
Diaz, 2004).
1.1.2.2. Temporomandibular joint
Ultrasonographic evaluation of the temporoman-
dibular joint is limited to the lateral aspect of the 
condyloid process, and allows examination of 
the articular surfaces, the articular cartilage, the 
disc, the intra-articular fat tissue, as well as the 
joint capsule (Rodríguez et al., 2007; Weller et 
al., 1999b). Disruption of the smooth periarticu-
lar outline of the temporomandibular joint, joint 
capsule thickening, disruption of the articular 
disc or abnormal fluid accumulation can be de-
tected using ultrasonography (T. P. Barnett et al., 
2014; Weller et al., 1999a). l l l
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Ultrasound is unable to penetrate bone or dental 
tissue, however, can highlight the osseous surfac-
es with high detail (Rathmanner and Rijkenhu-
izen, 2012). Ultrasound is useful for identifying 
the origin of swellings or draining tracts that may 
accompany disease of the maxillary or mandibu-
lar arcade due to foreign body, dental disease or 
formation of a bony sequestrum (Archer, 2014; 
Puchalski, 2006). Occasionally, a previously un-
delineated draining tract within a soft tissue 
swelling can be followed ultrasonographically to 
its site of origin, especially if the swelling involves 
the mandible (Puchalski, 2006).
Ultrasonography can also assist with the diagno-
sis and management of fractures of thin superfi-
cial bones of the skull, which may be difficult to 
visualize radiographically, particularly in mandib-
ular fractures (Archer, 2014; Müller et al., 2011).
1.1.2.4. Soft tissues
A. Salivary glands
Parotid, mandibular and sublingual salivary 
glands and their ducts can be evaluated ultra-
sonographically (Archer, 2014). It is possible to 
identify obstructive sialolithiasis, foreign bodies, 
abscess formation, neoplastic infiltration, and 
generalized inflammation of the gland, as well as 
distension of the duct (Archer, 2014; Kilcoyne et 
al., 2015; Rathmanner and Rijkenhuizen, 2012).
B. Lymph nodes
Mandibular and retropharyngeal lymph nodes 
can be examined by ultrasonography, the latter 
is inconstantly identified in healthy horses, with 
the medial being easier to visualize than the 
lateral (De Clercq et al., 2003; Rathmanner and 
Rijkenhuizen, 2012; Reef, 1998). They consist 
of small, ovoid structures with a homogeneous 
soft tissue echogenicity with a discrete more 
hyperechoic capsule (Archer, 2014). Viral or 
bacterial infections may result in enlargement 
of the lymph nodes, with occasional abscess 
formation. Nasal and paranasal disorders, such 
as tumors, can also cause lymph node enlarge-
ment (De Clercq et al., 2003).
C. Tongue
The tongue can be thoroughly evaluated using 
ultrasonography, using both intra-oral and sub-
mandibular approaches (Archer, 2014). Ultra-
sound may be helpful for identification of foreign 
bodies, both metallic wires and wood splinters, 
or abscess formation within the tongue and adja-
cent structures. Examination is however limited 
by the body of the mandible (Archer, 2014; Pus-
terla et al., 2006; Solano and Penninck, 1996).
D. Brain
Limited ultrasonographic examination of the 
brain can be performed in neonates with open 
fontanels or in any horse with palpable defect in 
the cranium. It is especially helpful for identify-
ing hydrocephalus (Reef, 1998).
E. Other
Overall, ultrasonography is a good diagnostic 
tool for assessing any soft tissue located in the 
head that is not covered by bone, and has been 
reported for also evaluating blood vessels and 
subcutaneous masses (Bienert-Zeit et al., 2011; 
Muñoz et al., 2014). n
 
Ap l i c a c i ó n  d e  t é c n i c a s  d e  d i a g nó s t i c o  p o r  imag en  a va n z a d a s  e n  e l  e s t u d i o  d e  l a  c a b e z a  d e l  c a b a l l o








Nuclear scintigraphy is a non-invasive and sen-
sitive technique that reflects active physiological 
processes, rather than anatomic changes, as-
sociated with the organ studied (Driver, 2003). 
Scintigraphy is based on the detection of γ-rays 
emitted from the decay of a radionuclide, by a 
gamma camera (Driver, 2003). The radionuclide 
is the radioactive component of the radiophar-
maceutical, with 99m Technetium (99mTc) being 
currently the most commonly used in equine 
practice (Archer et al., 2007). The radiopharma-
ceutical used is dependent on the body compo-
nent to be targeted. Diphosphonate salts, specif-
ically methylene diphosphonate (MDP), are the 
most commonly used in equine scintigraphy, 
as they selectively localize to the bone (Driv-
er, 2003). Other radiopharmaceutical, such as 
99mTc hexamythyl-propyleneamine oxime (HM-
PAO)-labeled leucocytes has been described for 
equine dental scintigraphy, but due to the lack 
of anatomical detail made identification of dis-
eased teeth impossible (Weller et al., 2001).
A dose of 10 MBq / kg bodyweight 99mTc-MDP 
is administered to the horse via an intravenous 
catheter. Typically, for sinonasal disorders only 
bone-phase images are acquired at 2 – 4 hours 
post injection, as soft tissue phase images do not 
provide valuable additional information (Archer 
et al., 2010; Weller et al., 2001).
Heavy sedation, cotton wool ear plugins and 
blinkers are usually required in order to allow 
close positioning of the camera to the patient. 
In addition, a head stand is used to stabilize the 
patient’s head, preventing rotation in the sagit-
tal plane (Archer et al., 2010; Weller et al., 2001). 
A rope, as opposed to leather and metal, halter 
should be used to prevent attenuation of the gam-
ma rays (Weller et al., 2001).
Typical scintigraphic views of the equine head 
include left and right lateral, dorsal and ventral 
images. Oblique views may be used to assist le-
sion localization (Archer et al., 2010; Ramzan, 
2003). In order to avoid superimposition on 
dorsal or ventral views, a lead shielding may 
be placed between the maxillary and mandibu-
lar arcades or under the head depending on the 
view and the diseased area (Ramzan, 2003). The 
atlantooccipital joint may be imaged by posi-
tioning the camera dorsal to the poll and parallel 
to the floor (Archer et al., 2010).
Scintigraphy can be used for detecting dental, 
sinonasal, musculoskeletal, and less commonly 
soft tissue diseases.
1.1.3.1. Dental
Scintigraphy has been shown to have high sen-
sitivity (95.5%) and moderate specificity (86.4%) 
for detecting dental disease in the horse (Weller 
et al., 2001). Because of the lower specificity, this 
technique is most useful when combined with 
other diagnostic techniques such as radiogra-
phy and oral examination (Boswell et al., 1999; 
Weller et al., 2001). Periapical dental infection 
results in a focal and intense increase of radiop-
harmaceutical uptake (IRU) over the apical re-
gion of the affected tooth. If periapical infection 
is associated with secondary sinusitis, diffuse 
moderately increase in uptake over the affected 
sinus is observed surrounding the affected tooth 
(Weller et al., 2001). Region of interest (ROI) 
studies comparing the affected region to the con-
tralateral side, specially on the dorsal views, will 
show marked differences of radiopharmaceutical 
uptake (Archer et al., 2003). Periodontal disease 
usually results in a linear pattern of activity over 
the whole arcade (Archer et al., 2003; Barakzai, 
2005b; Weller et al., 2001). Dental diseases due to 
pulpitis or infundibular necrosis alone do not al-
ter the pattern of uptake (Weller et al., 2001).
1.1.3.2. Nasal cavity and paranasal sinuses
Scintigraphy has been reported to have a mod-
erate sensitivity (78.9%) and specificity (91.7%) 
for detection of paranasal sinus disorders (Bar-
akzai et al., 2006). Primary sinusitis may show 
variable patterns of uptake, generally associated 
with diffuse or patchy IRU over the affected sinus 
(Archer et al., 2003; Barakzai et al., 2006; Weller 
et al., 2001). However, some cases may exhibit 
focal areas of moderate to marked IRU. If these 
focal areas of IRU are superimposed over a cheek l l l
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l l l tooth, careful evaluation is essential for avoiding 
incorrect diagnosis of dental disease (Barakzai et 
al., 2006; P. M. Dixon et al., 2012).
Sinus cysts usually have a characteristic circular 
pattern of marked IRU around the cyst margins. 
Progressive ethmoid hematomas on the other 
hand have been reported to present non-specific 
diffuse, moderate IRU that is indistinguishable 
to sinusitis (Barakzai et al., 2006). Nasal tumors 
may also be identified using scintigraphy (Arch-
er et al., 2003).
1.1.3.3. Musculoskeletal
Sequestra and fractures are commonly associat-
ed with moderate to marked IRU (Barakzai et al., 
2006; Weller et al., 2001). In contrast, osteotomy 
sites, such as those caused when creating sinus 
flaps or trephine holes, appear to be associated 
with little or no IRU (Archer et al., 2003; Barakzai 
and Dixon, 2003).
Temporomandibular and temporohyoid dis-
eases may also be detected by using scintigra-
phy, with marked focal IRU being indicative of 
a lesion (Archer et al., 2003; Frame et al., 2010; 
Weller et al., 1999a).
1.1.3.4. Soft tissues
Soft tissue phase can also be used when evaluat-
ing the equine head for identifying the cause of 
swellings or for testing the function of the sali-
vary glands (Archer et al., 2003; Montgomery et 
al., 2012). n
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1.2. Advanced diagnostic imaging 
techniques of the equine head
1.2.1. Computed tomography
 
Clinical use of computed tomography started in 
the early 1970s, and since then has been intro-
duced progressively in veterinary medicine, now-
adays being a routine diagnostic modality in vet-
erinary practice (Hounsfield, 1973; Whatmough 
and Lamb, 2006). CT was the first tomographic 
technique combining computer calculation power 
with medical imaging and thus starting the era of 




CT uses the same principles as in conventional ra-
diography. As a collimated x-ray beam penetrates 
the patient’s tissues, fractions of the original beam 
are absorbed while others pass through. Then the 
x-ray intensity behind the object is measured to 
form the image, and this is achieved by the use of 
x-ray detectors (Bushberg et al., 2002a).
The absorption of x-rays within an object is direct-
ly proportional to the linear attenuation coefficient 
(μ) of the object through which the beam passes, 
and the thickness of the object as seen in Beer’s law. 
Where I(x) is the intensity of the attenuated x-ray 
beam, I_0 the intensity of the primary x-ray beam 
and x the thickness of the material (Geleijns, 2014).
This coefficient μ depends on the composition of 
the object, the electron density of the object, and 
the photon energy of the x-ray beam. Therefore 
high electron density tissues, such as bone, pos-
sess a higher linear absorption compared to low 
electron density tissues, such as fluids or fat.
As the patient is composed by different tissues 
with different linear attenuation coefficients, the 
intensity of the attenuated x-ray beam would re-
sult from the summation of the individual linear 
attenuation coefficients of each tissue through 
which the beam passes.
Where d represents the thickness of the tissue 
and n the number of different tissues that the 
x-ray beam passes (Bushberg et al., 2002a; Ge-
leijns, 2014).
IMAGE FORMATION
The attenuation data obtained from the different 
projections are re-calculated using a mathemat-
ical process called filtered back projection. This 
produces a matrix of the average relative x-ray ab-
sorptions in each volume element (voxel) of the 
matrix in the slice of tissue examined (Hathcock 
and Stickle, 1993). These mean attenuation val-
ues in each element of the matrix is transformed 
into a corresponding matrix of Hounsfield units 
(HU), where the HU is expressed relative to the 
linear attenuation coefficient of water at room 
temperature (μwater) (Geleijns, 2014).
This matrix is displayed as picture elements 
(pixels) in shades of grey in a two-dimension-
al digital image matrix. A pixel therefore rep-
resents a two-dimensional image of a three-di-
mensional voxel within the patient, the third 
dimension (z-axis) being the slice thickness 
of the examined cross-section of the patient 
(Ohlerth and Scharf, 2007).
IMAGE DISPLAY
Water has an attenuation value of 0 HU with only 
a small amount of the x-ray intensity being atten-
uated. The HU of other tissues are displayed as 
a value relative to the attenuation of water, and 
vary little with change of the x-ray energy (Brink 
et al., 1994; Bushberg et al., 2002a).
The Hounsfield scale ranges from –1000 HU to 
+3095 HU, representing the lowest HU as dark 
(hypoattenuating) and the highest HU as bright 
(hyperattenuating). However, because human 
eye only differentiate a limited number of levels l l l
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of grey, HU are grouped for creating windows 
with different width (WW) and level (WL). The 
WW refers to the range of HU that is repre-
sented by the grey scale (ranged from white to 
black), the window level (WL) defines the cen-
tral grey color and should be set at the level of 
the tissue of interest. Optimal visualization of 
the tissues of interest in the image can only be 
achieved by selecting the most appropriate WW 
and WL. Consequently different settings of WW 
and WL are used to visualized soft tissue, lung 
tissue or bone (Tidwell and Jones, 1999).
l l l
l l l
B. CT imaging systems
AXIAL SCANNERS
Over time different generations of scanners have 
been developed. The first generation scanners of 
CT used two x-ray detectors, and they measured 
the transmission of x-rays through the patient 
for two different slices. These scanners employed 
a rotate/translate system and a pencil-shaped 
x-ray beam. Starting at a particular angle, the 
x-ray tube and detector system translate linear-
ly across the field of view (FOV), acquiring 160 
parallel rays, once completed their translation 
the whole system was rotated slightly to the next 
position, and then another translation was used 
to cover the field of view again. This procedure 
Figure 1. Transverse CT images of the equine 
head at the level of the third premolar (A and B) 
and the orbit (C and D) displayed using bone (A 
and C) and soft tissue (B and D) windows.
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was repeated at 1-degree intervals until covering 
the 360 degrees (180 projections), resulting in the 
complete CT data set. In total this procedure took 
a scan time of 3 – 5 min for only one slice (Bush-
berg et al., 2002a; Ohlerth and Scharf, 2007).
In the second generation scanners, the next im-
provement to the CT scanner was the incorpora-
tion of a linear array of detectors and the use of 
a narrow fan-shaped x-ray beam. Together they 
translated and then rotated through 360 degrees 
but needed fewer angular steps to produce the 
image, thus reducing the scan time to 18 seconds 
per slice (Bushberg et al., 2002a; Geleijns, 2014).
The third generation scanners used a rotate/
rotate conformation, referring to the rotation 
of the x-ray tube and the detector array in the 
same geometrical relation fixed on a frame, 
called gantry, 360 degrees around the patient. 
The tube produced a wide fan-shaped x-ray 
beam that fell on a larger array of many detec-
tors. By elimination of the translational mo-
tion, the scan time was reduced being shorter 
than 5 seconds, however, their main limitation 
consisted of the ring artifacts (Bushberg et al., 
2002a; Ohlerth and Scharf, 2007).
Fourth generation scanners were designed to 
overcome the problem of ring artifacts, therefore 
a rotate/stationary system was used. The detectors 
were removed from the rotating gantry and were 
placed in a stationary 360-degree ring around the 
patient, requiring many more detectors. Then, 
the x-ray tube alone rotated through 360 degrees 
around the patient (Bushberg et al., 2002a).
The first generations scanners were hindered by 
the tube’s electrical cables, which did not allow 
one-way rotation around the patient, and by the 
patient table that did not move during the scan. 
The examination volume had to be covered by sub-
sequent transverse scans in a “step and shot” mode 
(Bertolini et al., 2006; Bushberg et al., 2002a).
HELICAL SCANNERS
The continuous one-way rotation of the tube-de-
tector system became possible with the inven-
tion of the slip-ring techniques, which elimi-
nated the need to rewind the gantry after each 
rotation and enabled continuous data acquisi-
tion during subsequent rotations (helical CT) 
(Crawford and King, 1990). Therefore, the pa-
tient is scanned with a rotating tube-detector 
system while the table transports the patient 
through the gantry in the longitudinal (z-axis) 
direction, which allows a significant reduction 
of the scan time (Ohlerth and Scharf, 2007). 
The first helical scanners used one tube-de-
tector array pair (single-slice CT); in contrast, 
multidetector CT (MDCT) or multichannel CT 
extends the number of detectors to several 
rows from 2 up to 640 (Bertolini and Prokop, 
2011; Bushberg et al., 2002a; Cao et al., 2014). 
Then, the simultaneous acquisition of several 
detector rows results not only in an increase 
in speed but also in an extension of the scan 
range that could be covered within a certain 
time by a factor equal to the number of detec-
tor sections (Geleijns, 2014).
In single-slice CT scanners, the slice thickness 
(z–axis), determined by the collimation of the 
x-ray beam, is substantially larger than the size 
of each pixel in the x-y plane. The resulting vox-
els have therefore an elongated shape (aniso-
tropic voxel). Ideally, voxels should be of equal 
dimensions in all three spatial axes (x–y–z) so 
that the spatial resolution is isotropic. In which 
case, images may be reconstructed in any plane 
from a stack of transverse slices without losing 
spatial resolution. Such an isotropic resolution 
results from thin-section scanning with a sec-
tion thickness of 1 mm or less (Bertolini and 
Prokop, 2011). The higher number of detector 
rows available, the larger scan range with iso-
tropic voxels can be covered (Flohr et al., 2005).
C. Post-processing techniques
Scanned volumes from MDCT systems can be 
displayed not only as a sequence of cross-sec-
tions but also as a true volume. Different types 
of reconstructions can be performed after im-
ages acquisition, which need of a workstation 
with special software (Lipson, 2006).
l l l
l l l
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Multiplanar reconstructions (MPR) 
allow reformat into any plane in the 
space (sagittal, dorsal, oblique or 
curved). This is achieved by staking 
the transverse images for obtaining 
a volume (Kinns et al., 2011; Rubin, 
2003). The quality of the MPR is di-
rectly related to the original image 
slice thickness, when voxels are iso-
tropic the quality of a reconstruct-
ed image in any plane is virtually 
identical to the original transverse 
image (Lipson, 2006).
MAXIMUM INTENSITY PROJECTION
Maximum intensity projection 
(MIP) consists of projecting the 
voxel with the highest attenuation 
value on every view throughout the 
volume onto a 2D image (Bertolini 
and Prokop, 2011). This method 
tends to display bone and contrast 
material–filled structures preferen-
tially, and other lower-attenuation 
structures are not well visualized. 
The primary clinical application of 
MIP is to improve the detection of 
pulmonary nodules and assess their 
profusion (Ravenel and McAdams, 
2003; Rubin, 2003)
MINIMUM INTENSITY PROJECTION
Minimum intensity projection 
(MinIP) images are the coun-
ter-part of MIP images: instead of 
projecting the highest attenuation 
values into the viewing plane, they 
display the lowest attenuation val-
ues. MinIP can be used to generate 
images of central airways or are-
as of air trapping within the lung 
(Lipson, 2006; Rubin, 2003).
Figure 2. Transverse (A), dorsal (B) and sagittal (C) CT images 
displayed with a bone window using a multiplanar reconstruction 
showing a lesion within the tooth 210.
Figure 3. Lateral (A) and frontal (B) views of a MIP 
reconstruction of an equine head CT arteriogram.
Figure 4. Dorsal 
view of a MinIP 
reconstruction of a 
canine thorax. Image 
courtesy of Natalia 
Díez-Bru (Diagnostic 
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the equine skull 
(A) and the upper 
airways (B).
Figure 6. 
Comparison of CT 
virtual endoscopy 
(A, B and C) and 
real endoscopy (D, 
E and F) images 
of the larynx 
(A and D), left 
guttural pouch (B 
and E), and left 
frontomaxillary 
aperture (C and F).
For generating a volume rendering (3D recon-
structions) each voxel in the examined vol-
ume is used to calculate the final image. This 
is achieved by assigning each voxel in the ex-
amined volume an opacity value (from 0% to 
100%, total transparency to total opacity). The 
resulting images therefore contain more infor-
mation and are potentially more useful than 
MIP, which only uses high attenuation value 
voxels (Lipson, 2006). Volumes can be manip-
ulated in many different ways to demonstrate 
the desired anatomy. This tool allows apprecia-
tion of spatial relationships between structures 
(Kinns et al., 2011).
Endoluminal viewing (“virtual endoscopy”) is a 
perspective volume rendering technique that al-
lows users to visualize the lumen of anatomical 
or pathological structures (Lipson, 2006). n
l l l
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1.2.1.2. Computed tomography  
  in the equine head
A. Particularities and patient preparation
CT of the equine head can be performed either 
with the horse under general anesthesia or with 
the standing horse under sedation. In either case, 
CT machine and CT procedure are modified for 
horses from how it is carried out in human and 
small animal medicine (Barbee et al., 1987; Dak-
in et al., 2014; Kinns and Pease, 2009; Porter and 
Werpy, 2014; Saunders et al., 2011; Solano and 
Brawer, 2004).
CT ON THE ANESTHETIZED HORSE
The sedation and anesthesia of the horse are ide-
ally done in a recovery box located as close as pos-
sible to the CT suite and equipped with a hoist to 
allow the horse to be positioned on the CT table. 
CT suite has to be spacious for CT table movement 
and for patient manipulation and positioning, op-
timal size is approximately 9 m in length, 8 m in 
width and 5 m in height. A hoist can also be in-
stalled into the CT suite, which will facilitate the 
positioning of the horse. Communication between 
the recovery box and the CT suite is required for 
allowing the entrance of the anesthetized horse 
(Barbee et al., 1987; Saunders et al., 2011).
For CT head studies, horses are commonly placed 
in dorsal positioning.  Instead of the standard ta-
ble available in the CT machines, a custom-built 
table specifically designed for horses has to be 
installed allowing the imaging of patients up to 
approximately 1000 – 1200 kg (Saunders et al., 
2011). Different table models have been designed; 
ideally the table should be linked to the table drive 
from the CT machine, allowing helical scanning. 
If this is not possible, it can be advanced manual-
ly by means of a hand crank, but this prevents the 
use of helical scanning. An alternative technique 
uses a stationary table and a CT gantry that ad-
vances into the table (Barbee et al., 1987; Saun-
ders et al., 2011; Solano and Brawer, 2004). Foam 
pads for a proper support of the horse, as well as 
ropes and other containment and positioning ma-
terials are mandatory for most equine CT studies 
(Barbee et al., 1987; Saunders et al., 2011).
CT ON THE STANDING HORSE
CT suite characteristics for scanning standing 
horses are very similar to what has been de-
scribed for scanning anesthetized horses. How-
ever, the CT gantry must be adapted to the level 
of the horse’s head in a standing position, which 
can be achieved by raising the CT scanner or 
positioning the horse within a pit (Dakin et al., 
2014; Porter and Werpy, 2014; Saunders et al., 
2011). Another adaptation is that the CT gantry 
is reversed to accommodate the equine platform, 
which is connected to the CT table on which the 
horse’s head rests. The platform is a rectangular 
Figure 7. 
Positioning of 
the horse on 
the CT table (A) 
and within the 
CT gantry (B) for 
performing a CT 
scan of the head 
under general 
anesthesia. Images 
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shaped metallic frame with rubber surface that 
measures approximately 2.6 m in length and 0.9 
m in width. Mobile sidebars provide stocks for the 
horse to stand in. The platform is mounted on air 
skates, which allow frictionless movement of the 
platform-horse. Air is supplied via piping and con-
trolled by a pressure gauge; 2 – 3.5 bar is required 
for a standard adult horse. The compressor is lo-
cated outside of the CT suite due to the noise gen-
erated (Dakin et al., 2014; Saunders et al., 2011).
Stable bandages and over-reach boots are 
placed on all distal limbs for protection during 
patient positioning and scanning. Rope halters, 
cotton wools and blinkers are commonly used; 
the head can be placed in a cradle as well to re-
strict its movement. A catheter should be placed 
in the jugular vein to provide instant intrave-
nous access for repeat sedation. Different seda-
tion protocols can be used along the procedure 
in order to obtain the ideal plane of sedation, 
which maximally limits patient motion while 
limiting the swaying or wobbling motions of a 
heavily sedated patient. The horse should stand 
square on all 4 limbs on the platform, with its 
feet as close to the gantry edge of the platform 
as possible, and the head should be extended 
onto the CT table (Dakin et al., 2014; Saunders 
et al., 2011). A typical CT scan of a single an-
atomic region takes approximately 20 minutes 
(Porter and Werpy, 2014). A handler is present 
in the CT suite during image acquisition to hold 
the horse, who is positioned at the side of the 
CT scanner wearing a lead gown and thyroid 
protector (Dakin et al., 2014; Saunders et al., 
2011). An additional person for turning off the 
airflow to the platform in case of horse move-
ment is required too (Dakin et al., 2014).
Figure 8. CT systems 
for scanning the 
standing horse’s 
head positioning 
the patient within a 
pit (A) and raising 
the CT scanner (B). 
Pictures C and D 
show the positioning 
of the horse within 
the CT gantry. 
Images courtesy of 
Renate Weller (Royal 
Veterinary College, 
UK), Henry Tremaine 
(Bristol University, 
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CT image acquisition of the equine head under 
general anesthesia is very similar to humans and 
small animals. However, when acquisition is per-
formed with the horse in standing position, the-
re are some particularities. Firstly, pilot (scout) 
scans are not conducted due to the rapid table 
movement and because the head position is lia-
ble to change from scan to scan. Therefore, scan 
length is arbitrarily set up, being approximate-
ly 35 and 25 cm for sinonasal and brain studies 
respectively for a standard adult horse. Because 
pilot scans are not available, the FOV cannot be 
adjusted to the head size and, thus, a wide FOV 
has to be used, resulting in reduction in image re-
solution. In addition, scan direction is done from 
caudal to rostral (couch out). Acquisition para-
meters should be selected to assure the patient 
comfort, that means a constant and appeased ta-
ble movement, then scans durations are around 
30 seconds for a scan length of 35 cm approxima-
tely (Dakin et al., 2014; Porter and Werpy, 2014; 
Saunders et al., 2011; Solano and Brawer, 2004).
Although imaging protocol varies depending on 
the patient and CT scanners, table 2 summaries 
the general guidelines for a standard CT of horse’s 
head using a MDCT scanner.
C. Contrast media
The use of contrast medium to evaluate the head 
using CT is uncommon in horses compared to 
small animals (Pollard and Puchalski, 2011). 
Contrast medium can be applied into draining 
tracts (fistulography), nasolacrimal duct (dacryo-
cystography) or intravascular (Kinns and Pease, 
2009; Nykamp et al., 2004; Pollard and Puchalski, 
2011). Both intravenous and intraarterial con-
trast-enhanced CT can be performed in horses, 
with the intravenous route being the most com-
monly used (Bergman et al., 2013; Cissell et al., 
2012; Dakin et al., 2014; Lacombe et al., 2010; Po-
llard and Puchalski, 2011; Powell, 2010; Solano 
and Brawer, 2004). Intravascular contrast-enhan-
ced CT allows delineating the margins of the soft 
tissue lesions with high detail, and therefore it is 
recommended when a soft tissue lesion is suspec-
ted (Pollard and Puchalski, 2011). In addition, the 
use of intravascular contrast medium is manda-
tory in brain studies for increasing the inherent 
low sensitivity of CT for identifying parenchymal 
brain lesions (Bergman et al., 2013; Lacombe et 
al., 2010). However, its main disadvantage con-
sists of the high volume of contrast required for 
adult horses, increasing substantially the costs of 
the procedure. This makes that a big variability of 
contrast doses are used in horses, conversely to 
small animals where the dose is set as 600 – 800 
mg iodine (I) / kg body weight (Pollard and Pu-
chalski, 2011). Generally, the dose for horses has 
been reduced to half, being approximately 240 
– 370 mg I / kg body weight (Dakin et al., 2014; 
Lacombe et al., 2010). n
 PARAMETERS      SERIES
    
 Decubit	 Dorsal




	 Voltage (kVp)	 120
	 Current (mAs)	 200	–	280
	 Tube rotation time (s)	 0.75	–	1
	 Pitch	 1	–	1.5	 1
	 Helical image	 2.5	 1.25	
	 reconstruction interval 
	 Slice thickness (mm)	 5	 2.5	
	 	 	 Dental:1.25
	 Kernel frequency	 Medium	 High
	 Window level (HU)	 50	 400	
	 	 	 Dental:	1500
	 Wind ow width (HU)	 150	 2000	
	 	 	 Dental:	5000
Soft tissue       Bone
Table 2. CT imaging protocol for the equine head. Modified 
from Saunders et al. (2011).
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1.2.2. Magnetic resonance imaging
 
Since its introduction into human medicine in 
the early 1980s, MRI has become established as 
the gold standard for numerous disorders in peo-
ple (Bushberg et al., 2002c). MRI was started to 
be used in equine patients in the late 1990s, and 
since that time has become a routine technique 






The nucleus is comprised of neutrons and pro-
tons, which give their positive electrical charge. 
Each proton rotates about its axis (spins), pro-
ducing a magnetic dipole or magnetic moment. 
The magnetic moment, represented as a vector 
indicating magnitude and direction, describes the 
magnetic field characteristics of the nucleus. In 
the absence of an external magnetic field, a col-
lection of these magnetic moments (spins) will be 
oriented randomly in space and cancel each other 
out (Bushberg et al., 2002c; Song, 2014).
Aside from a few exceptions encountered in re-
search, MRI involves imaging the nucleus of the 
hydrogen atom, e.g. the proton. Hydrogen is a 
component of water (H2O) and fat (with many –
CH2– chains), both of which are very common in 
biological tissues (Bolas, 2011).
Precession
Under the influence of an external magnetic field, 
spins are forced to align along the axis of this field 
(B0) into two energy states: in the same direction 
(parallel) at a low energy level, and opposite (an-
ti-parallel) at a slightly higher energy level. The 
magnetic fields of most of these spins cancel out, 
but a slight excess of these spins, which is propor-
tional to the strength of the magnetic field, will 
be parallel to B0, producing a net magnetization 
along that axis. In addition, due to the external 
field B0 in which they are placed, spins will expe-
rience a torque that will cause the spins to wob-
ble about its axis, which is called precession. This 
movement occurs at an angular frequency, known 
as Larmor frequency (w0), that is proportional to 
the magnetic field strength B0 and the gyromag-
netic ratio (γ), which is characteristic of each type 
of nuclei (Bushberg et al., 2002c; D’Anjou, 2012).
The phenomenon of precession implies that the 
net magnetization vector (M) of each spinning 
proton can be broken down into two orthogonal 
vectorial components:
 l Longitudinal magnetization (Mz)  
  that is parallel to B0 (z-axis).
 l  Transverse magnetization (Mxy)  
  is perpendicular to B0 (xy-plane).
At equilibrium, Mz is maximal and is denoted 
equilibrium magnetization (M0), with the ampli-
tude determined by the excess number of protons 
that are in the low-energy state. In contrast, the 
transverse magnetization is zero, because the vec-
tor components of spins that precess out of phase 
cancel out (D’Anjou, 2012; Song, 2014).
Resonance and excitation
Application of a radiofrequency (RF) pulse (B1) 
synchronized to the Larmor frequency, energy 
can be transferred trough a process known as 
resonance. The absorption of this energy by the 
spins, called excitation, causes a state of imbal-
ance. Thus, the excited protons jump to a higher 
energy excitation (from parallel to anti-parallel), 
and the net magnetization vector flips away from 
the z-axis, toward the xy-plane (Mxy). The trans-
verse magnetization vector growth is caused by 
spins getting into phase coherence. The angle 
that the net magnetization vector flips away from 
the z-axis is called the flip angle, which depends 
on the strength and duration of the RF pulse. 
Common angles are 90 and 180-degrees, a 90-de-
gree angle provides the largest possible trans-
verse magnetization. The time required to flip the 
magnetic moment is linearly related to the dis-
placement angle: for the same B0 field strength, 
a 90-degree angle takes half the time to produce 
that a 180-degree angle does. And as such, fast se-
quences usually use 30-degree and smaller angles 
to reduce the time needed to generate the trans-
verse magnetization (Bushberg et al., 2002c). l l l
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As soon as the RF pulse is stopped, spins re-
turn to their original state of equilibrium, in a 
recovery process called relaxation, transmitting 
their excess energy to the lattice that is detect-
ed by the RF coil. Once relaxation begins, two 
distinct processes occur simultaneously: trans-
verse (T2) and longitudinal (T1) relaxations 
(Bushberg et al., 2002c; D’Anjou, 2012).
Once the RF pulse stops the in-phase spins 
gradually lose synchronization and they start 
interacting with each other, rapidly causing 
dephasing, and thus eliminating the transverse 
magnetization (T2 relaxation or decay) (Bush-
berg et al., 2002c; Song, 2014). T2 relaxation 
depends on the molecular structure of the sam-
ple (degree of mobility of protons), being much 
longer in fluids and shorter in more solid ma-
terial. In biological tissues, it ranges from mi-
croseconds (in solid bone and tendon) to tens 
of milliseconds. The sensitivity of T2 relaxation 
to the local environment, and in particular the 
increase in T2 relaxation time with increased 
water content, makes image contrast weighted 
according to T2 a particularly valuable diagnos-
tic aid (Bolas, 2011; Bushberg et al., 2002c).
In reality, the dephasing process is accelerated 
further by the fact that the magnetic field is 
not perfectly uniform in tissues (magnetic in-
homogeneities). Indeed, the magnetic field is 
slightly stronger in some areas because of the 
presence of metallic objects, air, or calcium or 
because of the imperfections of the MR system, 
and weaker in other parts. Such inhomogenei-
ties cause protons to rotate at different speeds 
once the RF pulse is stopped (e.g. some slow-
er than the average and some faster), leading 
to very rapid dephasing, shortening T2 relax-
ation. Thus, instead of decaying according to 
specific T2 relaxation times, tissue transverse 
magnetization decays at a very rapid T2* rate 
(free induction decay or FID). Therefore, T2* 
depends on the homogeneity of the main mag-
netic field and susceptibility agents present 
in the tissues, such as ferromagnetic objects 
(Bushberg et al., 2002c).
Loss of transverse magnetization occurs relative-
ly quickly, whereas the return to the low-energy 
state (maximum longitudinal magnetization), 
also called T1 relaxation, takes a longer time 
(Bolas, 2011; Bushberg et al., 2002c). Therefore, 
T1 is significantly longer than T2, and magnetic 
field strength influences T1 relaxation but has an 
insignificant impact on T2 relaxation. T1 relaxa-
tion is dependent on the physical characteristics 
of the molecules. Consequently, fluids have a long 
T1 relaxation time, whereas fat has a short T1 re-
laxation time. The specific relaxation rates varies 
among tissues, and the exploitation of these dif-




Spatial localization of the signal coming out 
of tissues is fundamental to MRI. This is per-
formed by intermittently using three orthogo-
nal linear field gradients that generate short-
term variations in the magnetic field across the 
patient (Bushberg et al., 2002c; Leach, 2014). 
These gradients are obtained by superimposing 
the magnetic fields of one or more coiled wires 
placed in the bore of the magnet, precisely ad-
justed through additional pulses in the imaging 
sequence (D’Anjou, 2012).
The slice selection gradient (SSG) determines the 
slice of tissue to be imaged by causing linear vari-
ation of magnetic field strength, adjusting the RF 
pulse frequency to the Larmor frequency of only 
the protons of that slice. For identifying the voxel 
origin of each signal in the slice, phase-encoding 
(PEG) and frequency-encoding gradients (FEG) 
are used. PEG is turned on after the 90-degree 
RF pulse, causing each row of protons in the slice 
to have a different phase. Subsequently, FEG is 
turned on during the echo to alter the Larmor fre-
quencies for each column within the slice. There-
fore, protons, from each voxel creating the matrix 
of the slice that is being studied, precess at a specif-
ic frequency and phase, allowing them to be distin-
guished (Bolas, 2011; Bushberg et al., 2002c).
Direct transverse, dorsal, sagittal or oblique 
planes can be obtained in MRI by energizing the 
l l l
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appropriate gradient coils dur-
ing the image acquisition. The 
SSG determines the orienta-
tion of the slices, where trans-
verse uses z-axis coils, dorsal 
uses y-axis coils, and sagittal 
uses x-axis coils for selection 
of the slice orientation. In ad-
dition, oblique plane acquisi-
tion depends on a combination 
of the x-, y-, and z-axis coils en-
ergized simultaneously (Bolas, 
2011; Leach, 2014).
Slice thickness is determined 
by the bandwidth (BW) of 
the RF pulse and the gradient 
strength across the FOV (Bush-
berg et al., 2002c).
K-Space and Two-dimensional  
Fourier transformation
Raw data are initially stored in the k-space ma-
trix determined by the gradients applied during 
the excitation, which describes a two dimension-
al matrix of positive and negative spatial values, 
encoded as complex numbers. Once the matrix 
is filled, a complex mathematical process called 
two-dimensional Fourier transformation takes 
the digital data held in the k-space and converts 
it into an accurate geometrical representation of 
tissues within the imaging slice. Therefore, the 
two-dimensional Fourier transformation con-
verts the data into a visible image (Bushberg et 
al., 2002b; Leach, 2014).
PULSE SEQUENCES: SPIN ECHO
Magnetic resonance images are created once 
signal arising from excited tissues is detected 
as echoes by receiving coils and processed. Be-
cause of the differences in relaxation character-
istics among tissues, several technical methods, 
or sequences, can be used to excite and receive 
signals using RF and gradient pulses, with var-
iable timing and duration. Therefore, sequences 
can be divided into two main groups: spin echo 
(SE) and gradient recalled echo (GRE) sequences 
(Bushberg et al., 2002c; Song, 2014).
l l l
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Figure 9. Sagittal (A and D), transverse (B and E), and dorsal (C and F)  
T2W MRI images of the equine head at the level of the brain (A, B and C),  
and the nasal cavity and paranasal sinuses (D, E and F).
Spin echo describes excitation of the magnetized 
protons in a sample with a RF pulse and produc-
tion of the FID, followed by a second RF pulse 
to produce an echo. At initial 90-degree, the RF 
pulse produces the maximal transverse magnet-
ization, placing the spins in phase coherence. 
Then, the signal exponentially decays with T2* 
relaxation. Subsequently, a 180-degree RF pulse 
is applied, which inverts the spin system and in-
duce a rephasing of the transverse magnetization. 
Finally all the spins are dephased and produce a 
measurable signal (echo). The 180-degree RF 
pulse has the mission of cancelling the magnetic 
field inhomogeneities (Bolas, 2011; Bushberg et 
al., 2002c).
The time between the initial 90-degree RF pulse 
and the echo production is known as time of echo 
(TE). The 180-degree RF pulse occurs exactly at 
TE/2. The time it takes for this sequence to be run 
one time is called the time to repetition (TR). The 
time delay after the 180-degree RF pulse and the 
next 90-degree RF pulse allows recovery of the 
longitudinal magnetization. However, by the time 
next 90-degree RF pulse is applied, there usually 
is not complete longitudinal magnetization re-
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covery of the tissues yet. Therefore, the FID gen-
erated is less than the first FID, and then tissues 
become partially saturated. The amount of sat-
uration is dependent on the T1 relaxation time; 
with short T1 tissues (e.g. fat) having less satu-
ration than long T1 tissues (e.g. fluid) (D’Anjou, 
2012; Song, 2014).
T1 weighting
A T1-weighted (T1W) spin echo sequence po-
tentiates the T1 characteristics of tissues. This is 
achieved by using short TR (400 – 600 msec) to 
maximize the difference in longitudinal magneti-
zation, and short TE (5 – 20 msec) to minimize T2 
dependency during signal acquisition (Bushberg 
et al., 2002c). Tissues with short T1, such as fat, 
will result in high signal intensity, and thus will 
be seen as bright (hyperintense). In contrast, long 
T1 tissues, such fluid, will result in low signal in-
tensity, being dark in the images (hypointense) 
(Bolas, 2011).
T2 weighting
T2-weighted (T2W) sequences reduce T1 effect 
with a long TR (2000 – 4000 msec), and potenti-
ate T2 differences with a long TE (80 – 120 msec). 
Tissues with a long T2 (e.g. fluid) maintain trans-
verse magnetization longer than short T2 tissues, 
resulting in higher signal intensity at the time of 
echo (Bushberg et al., 2002c; Song, 2014). There-
fore, these tissues will be hyperintense in T2W 
images (Bolas, 2011).
Proton density weighting
When both T1 and T2 effects are inhibited by us-
ing long TR and short TE, signal intensities main-
ly depend on different tissue number of magnet-
izable protons or proton density, called proton 
density (PD) weighting. Very hydrogenous tissues 
such as fat show high signal intensity compared 
with proteinaceous soft tissues (Bushberg et al., 
2002c; D’Anjou, 2012).
Manipulations in TR and TE result in varying 
intensity (or pixel brightness) levels for the same 
tissue. Although some tissues may appear simi-
lar in a given sequence, they may become distinct 
in another. Standard sequence protocols include 
multiple sequences to highlight these tissue dif-
ferences (D’Anjou, 2012). T1W and T2W are the 
most commonly acquired sequences in MRI stud-
ies. Nowadays fast spin echo (FSE) or turbo spin 
echo (TSE) sequences have replaced conventional 
spin echo sequences because they allow speed up 
the acquisition process (Bushberg et al., 2002b; 
Leach, 2014).
Inversion recovery sequences
Inversion recovery (IR) sequences can null the 
signal from specific tissues, which can help con-
firm the presence of such components in the tis-
sue studied, or improve the conspicuity of nearby 
tissues with similar signal characteristics. These 
sequences start with a 180-degree RF pulse (in-
version pulse) that inverts the longitudinal mag-
netization vector of all tissues (from +z to –z). 
Subsequently, at the end of this pulse, protons 
begin to relax and tissue magnetization vectors 
start to regrow longitudinally along B0, going 
back from –z to +z. During this process, magnet-
ization vectors cross the null point (z = 0) at dif-
ferent times, depending on the T1 relaxation rates 
of each tissues. A standard spin echo sequence is 
then applied, using a 90-degree RF pulse, when 
the tissue aimed to be suppressed crosses the 
null point. This tissue will not generate a signal 
at the time of echo. Therefore, the delay between 
the inversion pulse and the 90-degree RF pulse 
is known as time of inversion (TI) and depends 
on the T1 relaxation time of the tissue to be sup-
pressed (D’Anjou, 2012; Song, 2014).
When a short TI (140 – 180 msec) is used, tissues 
with short T1 relaxation time may be suppressed, 
such as fat. Short tau inversion recovery (STIR) is a 
pulse sequence with T2-weighting and short TI that 
suppresses selectively the fat, it increases the con-
spicuity of soft tissue lesions, most of which have 
prolonged T2 (Bushberg et al., 2002c; Leach, 2014).
The use of a longer TI (2000 msec) reduces the sig-
nal levels of tissues with long T1 relaxation times, 
such as cerebrospinal fluid (CSF). Fluid attenu-
ated inversion recovery (FLAIR) sequence helps 
differentiate brain parenchymal lesions from CSF 
because suppresses the signal from CSF, and can 
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PULSE SEQUENCES: GRADIENT RECALLED ECHO
In the GRE sequences a RF pulse with a small 
flip angle (e.g. less than 90 degrees) is applied. In-
stead using a second RF pulse, it uses a magnetic 
field gradient to induce the formation of an echo. 
In addition, shorter TR is used, and together with 
the small flip angle results in a rapid acquisition 
time. GRE is therefore used for angiography (de-
picting rapidly moving blood) studies or as local-
izer images (D’Anjou, 2012; Leach, 2014).
Magnetic field inhomogeneities secondary to 
magnetic susceptibility differences between tis-
sues (caused by paramagnetic or diamagnetic 
tissues or contrast agents) are emphasized in 
GRE sequences. This is due to the dephasing 
and rephasing occurring in the same direction 
as the main magnetic field, and do not cancel 
l l l
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the inhomogeneity effects, as the 180-degree re-
focusing RF pulse does in SE sequences. Thus, 
GRE sequences with long TE are T2*-weighted 
(T2*W) rather than T2-weighted like SE sequenc-
es (Bolas, 2011; Bushberg et al., 2002c). Magnet-
ic susceptibility is exploited for the detection of 
hemorrhage because the iron contained in the he-
moglobin increases the local magnetic field sub-
stantially, leading to local signal loss resulting in 
a signal void. T2*W sequences are therefore sen-
sitive for detecting hemorrhage (D’Anjou, 2012).
OTHER MAGNETIC RESONANCE SEQUENCES
Diffusion sequences
Diffusion weighted images (DWI) are very sen-
sitive to cytotoxic edema in early stages of is-
chemia. The basis of this sequence consists of the 
brownian motion of water molecules in tissues. 
Figure 10. 
Transverse T2W 
(A), T1W (B), FLAIR 
(C) and T2*W GRE 
MRI images of the 
equine head at 
the level of the 
temporomandibular 
joint.
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DWI determines the water diffusion characteris-
tics by the generation of apparent diffusion coef-
ficient (ADC) maps. Areas of acute stroke show 
drastic reduction in the diffusion coefficient com-
pared with healthy tissue (Crawley et al., 2003; 
Sutherland-Smith et al., 2011).
Perfusion sequences
Perfusion images show measurement of the pa-
rameters of cerebral microvascularisation, such 
as regional blood volume, mean transit time or 
regional blood flow. It relies on the use of a tracer 
that may be exogenous (contrast agent) or endog-
enous (spin labeling). This sequence is a useful 
tool in assessing stroke, brain tumors and pa-
tients with neurodegenerative diseases (Crawley 
et al., 2003; Pascual et al., 2007).
Magnetic resonance angiography
Magnetic resonance angiography (MRA) allows 
visualization of blood vessels and blood flow, 
and it can be performed according three differ-
ent techniques: time-of-flight (TOF-MRA), phase 
contrast (PC-MRA) and contrast enhanced (CE-
MRA) (Contreras et al., 2010; Passat et al., 2006). 
The latter requires the use of contrast medium to 
highlight the vessels, whereas the other two are 
flow-dependent. MRI is greatly affected by the 
movement of protons, and then flow artifacts re-
sult in poor-quality images. However, these flow 
phenomena can also be used to visualize flow 
spins and therefore to evaluate the blood vessels 
(Krings et al., 2002).
TOF-MRA relies on the differences in exposure 
to radiofrequency excitation between in-plane 
stationary protons from the surrounding tissues 
and the blood protons flowing into the section. 
Stationary protons become relatively saturated 
with repeated excitation pulses, resulting in low 
signal intensity. Conversely, inflowing blood pro-
tons do not experience the excitation pulses, are 
not saturated, and therefore generate high signal 
intensity (Krings et al., 2002; Passat et al., 2006). 
Selective vessel imaging is possible, it is achieved 
by applying saturation bands proximal or distal 
to the volume being examined. This sequence 
is especially sensitive to vessels in which blood 
flow is perpendicular to the section because the 
charged protons from this vessel are continually 
replaced by new completely relaxed spins, which 
provide a more distinct signal. Acquisitions can 
be performed by using 2D or 3D methods, de-
pending on the spatial resolution and the extent 
of the vascular territory to be imaged (Contreras 
et al., 2010; Passat et al., 2006).
PC-MRA involves the application of bipolar 
phase-encoding gradient pairs, to encode veloc-
ity in the direction of the gradient. As a result, 
protons moving along the direction of the gra-
dient field undergo a phase shift proportional to 
their velocity. Conversely, stationary tissue ac-
cumulates zero net phase. Subtraction of these 
flow-sensitive data sets from reference images 
allows visual representation of vascular flow and, 
thus, angiographic depiction. Importantly, as the 
phase shift experienced is proportional to the ve-
locity of moving protons, phase-contrast imaging 
allows quantitative assessment of flow velocities. 
As is the case with TOF-MRA, PC-MRA may be 
applied as either a 2D projectional technique or 
a 3D technique. However, this latter volumetric 
technique is a time-consuming process, often re-
quiring more than 20 minutes for image acquisi-
tion (Passat et al., 2006). 
CE-MRA is based on the presence of a contrast 
agent in the blood, independent of the flow wave-
form and flow velocity in the vessels. It does not 
rely upon the physiologic flow of in-phase protons 
for signal generation as TOF-MRA and PC-MRA 
do. The basic pulse sequence for CE-MRA is an 
ultra-short TR/TE 3D spoiled GRE sequence. The 
TR is made as short as possible to speed up image 
acquisition and capture the first pass of contrast, 
being therefore highly dependent on accurate 
timing of the contrast bolus. Due to the presence 
of a contrast medium in blood, the short TR tends 
to saturate only background tissues. This tech-
nique generates images with high spatial resolu-
tion, high vascular contrast and short scan times 
(Krings et al., 2002).
CONTRAST MEDIA
Contrast media can be injected intravenous-
ly for MR imaging to assess the vascular net-
work and tissue perfusion, helping to better 
l l l
l l l
Ap l i c a c i ó n  d e  t é c n i c a s  d e  d i a g nó s t i c o  p o r  imag en  a va n z a d a s  e n  e l  e s t u d i o  d e  l a  c a b e z a  d e l  c a b a l l o






detect, delineate and characterize lesions. Most 
common contrast agents have a paramagnetic 
effect, which consists on decreasing the T1 re-
laxation time of the protons. Thus, tissues ac-
cumulating this substance show an increase of 
signal intensity, called contrast enhancement, 
on T1W images. Gadolinium-based agents are 
commonly used in clinical MR examinations 
(e.g. Omniscan®, Magnevist®, MultiHance® 
etc.) (Bushberg et al., 2002c; Leach, 2014).
B. Instrumentation
Magnetic resonance systems are comprised of so-
phisticated elements, combining electronics, RF 
generators, coils, and gradients that interact with 
a computer.
MAGNETS
The magnet provides the external magnetic field 
in which the patient is placed. The strength of 
the MRI signal from the tissues increases with 
the strength of the magnet, which is measured 
in units called Tesla (T). Depending on the field 
strength of the magnet, MRI systems can be 
grouped in low-field (0.2 – 0.7 T) and high-field 
(> 1.0 T) magnets (Bushberg et al., 2002b; Leach, 
2014). Great care is needed to ensure that no met-
al objects (e.g. scissors, stethoscopes or gas cyl-
inders) are brought anywhere near the magnet 
(Bolas, 2011).
Different types of magnets can be used; the main 
types on offer are permanent, superconducting, 
and resistive magnets (Bolas, 2011). Permanent 
magnets are made of a permanently magnet-
ic material such as iron or ceramic. However, 
the field strength of these systems is limited by 
the sheer weight of the core (typically over 100 
tons), operating therefore typically as low-field 
systems. Superconducting magnets are elec-
tromagnets whose magnetic field is produced 
by passing a current through superconducting 
wire loops. These windings are immersed in 
liquid helium at a temperature of almost abso-
lute zero in order to create superconductivity. 
Resistive magnets utilize the principles of elec-
tromagnetism to generate the magnetic field as 
with superconducting magnets. A very stable 
and constant power supply to maintain a ho-
mogenous magnetic field and significant (wa-
ter) cooling of the magnet are required in this 
system (Jacobs et al., 2007; Leach, 2014).
MRI magnets can have either a closed (supercon-
ducting) or an open-bore (permanent or resistive) 
design. The closed system has a tubular-shape; 
whereas the open system consists of two flat poles 
separated by a gap, acquiring a C open on one 
side (Jacobs et al., 2007).
FARADAY CAGE
The MRI process is heavily dependent on the use 
of RF, in order to reduce RF interferences the MRI 
system is installed inside room that protects it 
from external RF transmissions. This is achieved 
by shielding the room with a Faraday cage, which 
consists in covering the entire scan room includ-
ing the door with a fine metallic mesh, most com-
monly of copper (Leach, 2014).
RADIOFREQUENCY COILS
RF coils are the transmitters of the emitted RF 
pulses, and also are the receivers of the signal 
generated. Based on these properties, there are 
two types of RF coils: transmit and receive (trans-
ceiver), and receive-only. The smallest coil that 
will fit the anatomical area to be studied should 
always be used to achieve best reception (Leach, 
2014). A variety of RF coils configurations can 
be used. Bird-cage coil provides the best RF ho-
mogeneity of all the RF coils and is commonly 
used as transceiver coil for imaging the head in 
people. The saddle coil is designed with shaped 
windings either side of the anatomic area to be 
studied. This coil type is commonly used for im-
aging of the extremities in human medicine. Sur-
face coils and phased-array coils are used when 
high-resolution or small FOV areas are desired. 
As a receive-only coil, surface and phased array 
coils have a high signal to noise ratio for adja-
cent tissues, although the field intensity drops off 
rapidly at the periphery. The phased array coil is 
made of several overlapping loops, which extend 
the imaging FOV in one direction. Surface coils 
consist of a loop of wire, either circular or rectan-
gular (Bolas, 2011; Jacobs et al., 2007).
l l l
l l l
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1.2.2.2. Magnetic resonance imaging  
     in the equine head
A. Particularities and patient preparation
Standard equine head MRI examination takes 
approximately between 40 to 60 minutes, 
thus general anesthesia is mandatory to keep 
the horse still (Kraft and Gavin, 2001; Mur-
ray, 2011). The sedation and anesthesia of the 
horse is ideally done in a recovery box locat-
ed as close as possible to the MRI suite and 
equipped with a hoist to allow the horse to be 
positioned on the MRI table. MRI suite has to 
be spacious enough to allow movement of the 
MRI table with the horse either in lateral or 
dorsal recumbency. Communication between 
the recovery box and the MRI suite is useful 
avoiding increase in anesthesia time of the pa-
tient, however, this can present some issues as 
any doors and equipment that enters the MRI 
suite and controlled area must be MRI safe. It 
is also advisable to separate the MRI shielded 
doors from the recovery box doors, which can 
withstand the forces of a horse falling during 
recovery and thus protect the shielding of the 
MRI suit (Ferrell et al., 2002; Murray, 2011; 
Werpy, 2007).
Prior to undertaking MRI, it is necessary con-
firm the absence of implants or other ferro-
magnetic devices in the head and cranial neck. 
Depending on the localization, microchips can 
severely affect to image quality. Shoes are usu-
ally removed (Murray, 2011).
Once the patient is induced, it is positioned on 
a padded MRI table outside of the MRI suite 
by lifting it with a hoist. Various designs of ta-
bles have been used for equine MRI, including 
those made from wood, glass fiber composite 
with brass screws and MRI compatible stain-
less steel. Optimal position of the horse-de-
signed MRI table depends on the design of the 
MRI system; commonly it is localized from the 
rear of the magnet. However, in some MRI sys-
tems the standard patient table can be switched 
for the equine table. Most MRI systems are de-
signed for human patients; therefore in some 
instances specific adaptations are necessary, 
such as disabling the automatic movement of 
the standard table or overriding some safety in-
terlocks (Kraft and Gavin, 2001; Murray, 2011; 
Tucker and Farrell, 2001; Werpy, 2007).
For imaging the head, either lateral or dorsal 
recumbency is possible, and this may be de-
termined by suspected pathology or MRI sys-
tem characteristics. Correct placement of the 
horse into the MRI gantry is essential and can 
be challenging in big or short-necked horses. If 
the anatomical area to be studied is not placed 
within the center of the magnet, the imaging 
FOV may cut off part of the region of interest. 
This limitation is a big issue when imaging the 
brain where in some instances the cerebellum 
and medulla oblongata could be cut off (Tucker 
and Holmes, 2011). Body coils or the incorpo-
rated coil into the MR system housing are com-
monly the most suitable. However, in foals and 
miniature horses head coils can also be used, 
depending on the size of the patient (Lempe et 
al., 2012; Murray, 2011; Werpy, 2007).
MR-compatible anesthetic equipment (anesthe-
sia machine, ventilator and monitoring devic-
es) is recommended as they are designed not to 
produce RF interferences. Any clipping must be 
done prior to entering the MRI room, along with 
catheters placement. Halters should be removed 
and non-metallic tracheal tubes and devices for 
holding the mouth open are mandatory (Kraft 
and Gavin, 2001). 
B. Technical considerations
Little information regarding technical details 
and imaging protocols are described in the litera-
ture (Ferrell et al., 2002; Kraft and Gavin, 2001). 
The sequences selected for head examinations in 
horses usually follow the protocols used in small 
animals. These include T1W sequences pre- and 
post-contrast administration and T2W sequenc-
es, in brain studies FLAIR and T2*W sequences 
are commonly used too (Tucker and Sampson, 
2007). Three standard anatomic planes (sagittal, 
transverse and dorsal) are commonly used when 
imaging any part of the equine head, and are l l l
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the horse on 
the MRI table in 
open low-field 
(A) and closed 
high-field (B) MRI 
systems. Pictures 
C and D show the 
positioning of the 
head within the 
body RF coil and 
the integrated 
body RF coil, 
respectively. 
Images B and 
D are courtesy 
of Sue J. Dyson 
(Animal Health 




most commonly positioned relative to the hard 
palate or the base of the calvarium (Tucker and 
Holmes, 2011; Tucker and Sampson, 2007). Addi-
tional planes can be obtained for further exam-
ination of structures if standard image planes 
do not offer the optimal visualization of specific 
regions of interest, such as oblique planes for 
the optic nerve (Naylor et al., 2010a; Tucker and 
Holmes, 2011). Acquisition parameters such as 
FOV, matrix size or slice thickness are not set 
up for horses, and vary according the institu-
tion (Kraft and Gavin, 2001).
C. Contrast media
Use of gadolinium is not routinely performed in 
all head MRI examinations, but is more com-
mon in brain studies. The intravenous dose of 
gadolinium has not been scientifically estab-
lished in horses. The recommended dose in hu-
mans and small animals is 0.01 mmol / kg body 
weight intravenously, which would equate to 
100 ml in a 500 kg standard adult horse, signif-
icantly increasing the costs. As a consequence, 
various protocols have been described in the lit-
erature based on empirical experiences, includ-
ing a total bolus of 20 ml, 40 ml or half the dose 
of small animal protocols (Ferrell et al., 2002; 
Judy, 2011; Werpy, 2007). n
l l l
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The aim of this PhD thesis was the study of main applications and indications of advanced diagnostic imaging techniques, in-
cluding computed tomography and magnetic resonance imaging, 
for assessing equine head disorders in clinical practice.
We hypothesized that both CT and MRI would provide high 
detailed information regarding the normal anatomy and the 
lesion features of the equine head. This information would be 
superior to what it is often obtained from conventional ima-
ging modalities. We also hypothesized that both modalities 
would be complementary to each other, with CT being better 
for dental and osseous structures and MRI being better for soft 
tissues, such as the brain.
Several specific objectives have been addressed for doing so:
 l  To study the diagnostic usefulness of both  
  high-field  and low-field magnetic resonance  
  imaging systems in horses with disorders  
  affecting the head (Paper 1).
 l  To study the diagnostic usefulness of  
  computed tomography in horses with  
  disorders affecting the head (Paper 2).
 l  To compare the diagnostic usefulness of  
  magnetic  resonance imaging and computed  
  tomography to conventional diagnostic  
  imaging modalities (Papers 1 and 2).
 l  To develope and to optimize a magnetic  
  resonance angiography protocol for the equine  
  head using low-field and high-field magnetic  
  resonance systems (Paper 3).
 l  To provide a thorough anatomical description  
  of normal magnetic resonance angiography  
  images from healthy horses (Paper 3).
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4.1. Comparison of CT and MRI  
 in the equine head
In the first two papers we studied the clinical ap-
plications of both MRI and CT in the equine head 
by performing two large retrospective studies, 
in which horses with diseases affecting any re-
gion of the head were included. Both modalities 
provided high quality images allowing accurate 
diagnoses in all cases. However, depending on 
the anatomical structure affected, or the type of 
suspected pathology, one of the imaging modali-
ties can offer more specific information over the 
other. In the following headings we will discuss 
the preferability of each technique (MRI and CT) 
based on our results.
4.1.1. Nasal cavity and paranasal sinuses
 
As mentioned in the introduction, radiograph-
ic diagnosis of sinonasal disorders in the horse 
is challenging due to the anatomical complexity 
of this region and the inherent lack of soft tissue 
contrast. Therefore, different pathologies can 
have similar radiographic features or, in some 
cases, no radiographic abnormalities can be de-
tected. We observed that radiography has a low 
to moderate sensitivity for identifying sinusal dis-
ease. Depending on the sinus affected, it can how-
ever yield a high specificity. The lowest sensitivity 
using radiographs was seen in the sphenopalatine 
(16.7%) and the ventral conchal (43.5%) sinuses. 
Adversely, MRI and CT, can show with high detail 
the different sinusal compartments thanks to the 
tomographic characteristics of the images they 
produce (Arencibia et al., 2000; Brinkschulte et 
al., 2013; De Zani et al., 2010; Kaminsky and Bi-
enert-Zeit, 2014; Probst et al., 2005; Smallwood et 
al., 2002). Therefore, identification of individual 
sinus involvement can be better performed using 
either MRI or CT. In addition, both modalities are 
superior in identifying the cause of the disease 
(e.g. sinusal cysts, progressive ethmoid hemato-
mas, abscesses, neoplasms or sinusitis) (Annear et 
al., 2008; K. C. Barnett et al., 2008; Bischofberger 
et al., 2008; Cilliers et al., 2008; Cissell et al., 2012; 
Fjordbakk et al., 2013; Henninger et al., 2003; 
Maischberger et al., 2014; Robertson et al., 2002; 
Tessier et al., 2013; Textor et al., 2012; Veraa et al., 
2009a). In our studies, localization, size, and rela-
tion to surrounding structures of the lesions seen 
on CT or MRI matched surgical and/or gross and/
or histopathological observations. However, this 
was not always straight forward, especially with 
CT. In cases of homogenous soft tissue masses be-
ing surrounded by fluid, CT without contrast may 
show similar attenuation values for both, making 
differentiation between them complicated. Con-
versely, MRI images have higher soft tissue con-
trast, resulting in different signal intensities for 
each type of soft tissues and fluid. Moreover, MRI 
showed different signal intensities on different 
sequences, further allowing differentiation of si-
nus cysts, mucoceles and abscesses, and allowing 
differentiation between fluid and purulent ma-
terial in the sinuses. We appreciated this limita-
tion of CT in a case of a sinusal cyst, which was 
surrounded by fluid in the corresponding sinus. 
Only by measuring the HU in both areas, was it 
possible to determine the different tissue types. 
Injection of intravenous contrast medium may be 
recommended in such cases, but measuring HU 
units within sinus fluid accumulations are there-
fore considered mandatory.
Both modalities can delineate mild alterations of 
the mucosal lining of the nasal cavity and parana-
sal sinuses, which are recognized by thickening 
of the mucosa and mild contrast enhancement. 
In MRI, increased T2 signal intensity is com-
monly observed as well. CT might then be better 
in cases of subtle lysis of the thin sinusal bony 
walls, which are typically seen in chronic sinusi-
tis, ethmoid hematomas or tumors (Barker et al., 
2013; Cehak et al., 2008). The high bony detail 
of CT images is particularly useful for assessing 
the osseous canals that cross the nasal cavity and 
paranasal sinuses, such as the infraorbital canal 
and the nasolacrimal duct. The first has high 
clinical importance as lesions of the infraorbital 
nerve are commonly associated with headshak-
ing syndrome (Fiske-Jackson et al., 2012; V. L. 
H. Roberts et al., 2009). However, mild chang-
es within the nerve are difficult to detect by CT, 
whereas MRI would potentially show them. Sim-
ilarly to what happen in the infraorbital canal, 
CT can also delineate the osseous anatomy of the l l l
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nasolacrimal duct. Furthermore, it is possible to 
assess the patency of its lumen by injection of a 
contrast medium. Diseases of the nasolacrimal 
duct commonly consist in an obstruction. Sever-
al causes can lead to such obstruction, and these 
can be identified with CT (Cleary et al., 2011; 
Manso-Díaz and Taeymans, 2012; Rached et al., 
2011). Nonetheless, we successfully described a 
technique to visualize the nasolacrimal duct in 
MRI and this modality can therefore be consid-
ered as a potential alternative for nasolacrimal 
duct evaluation (Manso-Díaz et al., 2014).
In conclusion, either MRI or CT should be used 
when detailed examination of the equine nasal 
cavity and paranasal sinuses is required. In the 
majority of conditions CT is commonly preferred 
due to shorter scan times, better availability, as 
well as introduction of standing CT techniques 
in the equine practice (Dakin et al., 2014; Kinns 
and Pease, 2009). The latter avoids the necessity 
of general anesthesia, both decreasing risks and 
costs (Dakin et al., 2014). Another main advan-
tage of shorter scan times with CT results in the 
possibility of performing both procedures, CT 
acquisition and surgery, under the same general 
anesthesia. However, limited protocols using 3D 
GRE sequences would decrease the anesthesia 
time and would eliminate the necessity of acquir-
ing sequences in different planes using MRP, and 
could be considered as a good alternative where 
CT is not available. Furthermore, CT studies usu-
ally generate 10 – 20 times more images, making 
it impossible to fully interpret a CT study by the 
time the patient is in surgery.
4.1.2. Dental structures
 
We observed that radiography had a moderate 
sensitivity (72.5%) and specificity (89.5%) for 
diagnosis of periapical infections, which is in ac-
cordance with previous studies (Townsend et al., 
2011). These results show that thorough evalua-
tion of the complex anatomy of the equine teeth 
and surrounding structures using radiography is 
insufficient in most cases. Advanced diagnostic 
imaging modalities are therefore needed when 
assessing these structures. CT description of both 
incisors and cheek teeth anatomy and pathology 
has been previously published (Kopke et al., 2012; 
Schrock et al., 2013; Windley et al., 2009). This 
modality is able to distinct with high detail the in-
ternal structures of the tooth and its surrounding 
structures, and is therefore considered the gold 
standard in detecting lesions of the enamel, in-
fundibulum, pulp cavity, root, lamina dura, peri-
apical bone and periodontal space (Bühler et al., 
2014; Henninger et al., 2003; Veraa et al., 2009b; 
Windley et al., 2009). This was equally reflected in 
the population samples of our retrospective mul-
ti-institutional studies, where we evaluated 32 
horses with dental disease using CT, as opposed 
to only 4 horses with dental disease being stud-
ied using MRI. CT not only showed periapical 
changes, but also identified dental malposition-
ing (e.g. diastemata formation), dental fractures, 
and dental fragments or oronasal/orosinus fistula 
formation following dental removal. Due to its 
molecular composition, not all dental structures 
can be visualized with MRI. MRI images do show 
the pulp cavity, the periodontal space, the lamina 
dura and the bone marrow of the alveolar bone. 
Signal voids from enamel, dentin, cement and 
cortical bone, as well as intraoral air and air with-
in the sinuses are however limiting factors (Ger-
lach et al., 2013; Gerlach et al., 2007b). Nonethe-
less, in our MRI study, we were able to identify a 
horse with periapical infection and pulp necrosis, 
a horse with a large dental fracture, and two cas-
es of sinus abscesses formation secondary to pre-
vious dental extraction. An orosinus fistula was 
present in both cases, and in one case an osseous 
fragment was observed in the alveolus. In conclu-
sion, MRI is limited to the diagnosis of only cer-
tain dental diseases, such as advanced pulpitis, 
periapical infections and large fractures. Studies 
using a 9.7T magnet show that very specific se-
quences (e.g. ultra short spin echo time and zero 
spin echo time) are possible to depict both soft 
and hard (enamel, dentin and cementum) dental 
tissues in extracted equine and human teeth, but 
clinical application of this result remains beyond 
realistic terms (Hövener et al., 2012).
4.1.3. Central nervous system
 
With the exception of pneumocephalus with ra-
diograph, and hydrocephalus in neonates with 
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ultrasound, neither of the conventional diag-
nostic imaging modalities can be used for as-
sessing the central nervous system (Archer, 
2014; Dunkel et al., 2012). Lesions within the 
brain are relatively uncommon in the horse, 
and depending on their localization can be 
grouped as intraaxial, extraaxial and intraven-
tricular (Divers, 2006; Hecht and Adams, 2010).
The most common lesions in the horse are the 
extraaxial and intraventricular types. Within the 
group of extraaxial lesions, traumatic disorders 
(e.g. hematomas and fractures), abscesses and tu-
mors (e.g. pituitary masses, melanomas or intrac-
ranial extension of orbital or nasal tumors) are 
the most commonly represented. However, any 
bony lesion of the cranial vault may equally affect 
the brain (Beccati et al., 2011; Covington et al., 
2004; De Zani et al., 2013; P. K. Dyson et al., 2007; 
Feige et al., 2000; Johns et al., 2012; Maischberg-
er et al., 2014; Matiasek et al., 2007; Morresey et 
al., 2010; Robertson et al., 2002). Within the intra-
ventricular lesions cholesterol granulomas, aka 
cholesteatomas, are the most commonly found. 
Other type of tumors such as ependymomas have 
also been reported (Dunkel et al., 2012; Finding 
et al., 2012; Maulet et al., 2008; Vink-Nooteboom 
et al., 1998). Although MRI has higher soft tissue 
contrast resolution than CT, both imaging modal-
ities can potentially depict these type of lesions. 
Injection of intravenous contrast medium is how-
ever mandatory for delineating the lesion and 
assessing its relationship with the surrounding 
tissues on both modalities. MRI might show asso-
ciated changes within the brain, such as edema, 
which are not identifiable with CT; whereas if the 
lesion involves osseous structures, CT would be 
able to better delineate it.
Intraaxial lesions are very uncommon in horses. 
Described disorders using advanced diagnostic 
imaging techniques include inflammatory/in-
fectious, neoplastic and neurodegenerative dis-
eases (Audigié et al., 2004; Ferrell et al., 2002; 
Gericota et al., 2010; Gray et al., 2001; Sanders 
et al., 2001; Spoormakers et al., 2003; Tucker 
et al., 2011). Within the group of intraaxial le-
sions, we described disorders that were not 
previously reported with MRI, such as post-an-
esthetic cerebral necrosis, cortical infarcts, col-
licular edema, astrocytoma, and diffuse brain 
edema. CT would likely fail showing this type of 
lesions (Lacombe et al., 2010), and MRI should 
therefore be considered as the gold standard in 
studying the equine brain.
From the 65 horses examined for neurological 
disorders in the first paper, 31 had a primary 
complaint of recurrent seizure-like activity from 
which only 2 had abnormalities on brain MR im-
ages, which included a tumor and an infarct. The 
remaining horses included a wide range of breeds 
and ages, and none had any identifiable etiology 
for seizures. We, therefore, proposed cryptogenic 
epilepsy as the most likely differential diagnosis 
in these cases (Lacombe et al., 2014; Lacombe et 
al., 2012). Although MRI findings were negative 
in most of these patients, performing this test is 
still a vital part of the seizure work-up, as it helps 
ruling out morphological causes for seizures.
Cranial nerve abnormalities are another condi-
tion type that can be identified using advanced 
diagnostic imaging techniques. We only encoun-
tered this condition in the MRI study, with the op-
tic nerve being the only diseased structure includ-
ed. We reported neuronal atrophy, inflammation 
and neoplasia. Excluding the tumor, the other two 
lesions would not have been possible to identify 
with CT. This said, both lesions were secondary to 
sphenopalatine masses and trauma respectively, 
making these primary causes (e.g. fracture of the 
optic canal or the sphenopalatine mass) poten-
tially visible on CT. A recent study compared CT 
and MRI for anatomical identification of normal 
cranial nerves in horses, and concluded that MRI 
allowed for excellent visualization of the cranial 
nerves, whereas CT allowed for detailed visual-
ization of the osseous canal and foramina (J. J. 
Dixon et al., 2014a).
We also observed several changes of unknown 
clinical significance within the brain, which 
we presumed to represent incidental findings. 
Post-mortem evaluation of the brain was howev-
er not available in any of those cases. The changes 
consisted of asymmetry of the ventricles, signal 
voids within the lateral ventricles and low signal 
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intensities throughout the pineal gland and inter-
nal capsule (globus pallidus) in T2* GRE imag-
es, as well as suspected leukoaraiosis. Suspected 
leukoaraiosis consisted of bilateral ill-defined pe-
riventricular hyperintensities on T2W and FLAIR 
images within the cerebral white matter and 
looked similar to reports in people. Leukoaraiosis 
is a common feature of the human ageing brain 
of unknown etiology, but the speculated cause 
is chronic cerebral ischemia (Altaf et al., 2008; 
Helenius et al., 2002). Asymmetry of lateral ven-
tricles was considered a normal anatomic vari-
ation, similar to previous studies in horses and 
dogs (Pivetta et al., 2013; Sogaro-Robinson et al., 
2009). Ventricular signal voids may correspond 
to hyperattenuating areas observed in CT, and 
could represent incidental small, non-obstruc-
tive cholesterol granulomas. Similar changes to 
what we described on MRI images at the level of 
the internal capsule have been observed on CT, 
as bilateral and symmetrical well-defined ovoid 
hyperattenuating areas. Based on the combined 
information from previous CT description we hy-
pothesize that these represent areas of minerali-
zation of unknown etiology. Pineal gland changes 
and leukoaraiosis have not been identified on CT 
images. Imaging of the equine nervous system 
still is not performed frequently, and many more 
studies on this topic will therefore be necessary 
to increase our knowledge on the clinical signifi-
cance of those reported changes.
4.1.4. Musculoskeletal system
 
Eleven horses with musculoskeletal abnormal-
ities of the head were evaluated with CT in the 
second retrospective study, whereas none were 
evaluated with MRI. The superior bony detail 
of CT images making it the gold standard for 
this type of lesions.
The most common musculoskeletal lesions af-
fecting the equine head and assessed with ad-
vanced diagnostic imaging techniques are frac-
tures, particularly from the mandible, orbit, 
cranial vault, skull base, temporal bone, stylo-
hyoid bone and paracondylar process (Barba 
and Lepage, 2013; Chalmers et al., 2006; De 
Zani et al., 2013; Ferrell et al., 2002; Gerding 
et al., 2014; Gold et al., 2010; Kuemmerle et 
al., 2009; Lim et al., 2013; Lischer et al., 2010; 
Müller et al., 2011; Pownder et al., 2010). CT is 
often preferred in horses with head fractures, 
except when brain injury is suspected. Although 
MRI is very sensitive for identifying bone mar-
row lesions, flat bones and petrous temporal 
bones are shown as signal void on MRI. Sub-
tle lesions affecting these bones are therefore 
difficult to identify with MRI (Scrivani, 2013). 
As previously discussed in the introduction, 
skull fractures are difficult to assess on radio-
graphs because of the complex morphology of 
the skull bones and overlapping of numerous 
structures (Bar-Am et al., 2008). Based on our 
results, CT allowed to identify a greater number 
of bone fragments and showed fractures of the 
maxillary, lacrimal, sphenoidal, temporal and 
zygomatic bones which were not visible radi-
ographically. Although there was good agree-
ment between both imaging techniques for vis-
ualizing mandibular body fractures, CT might 
still be necessary to assess the full extent of the 
fracture. Less commonly, CT can be used in bet-
ter assessing osteomyelitis and neoplasia (Car-
malt and Linn, 2013; Crijns et al., 2014; Johns 
et al., 2012; Koch et al., 2012; Loftin et al., 2015; 
Morresey et al., 2010; Van Thielen et al., 2013).
Both CT and MRI have been previously described 
in assessing the temporomandibular joint. Their 
cross-sectional images allow assessing both the 
medial and the lateral aspects of the joint, as well 
as the inner structure of the bone as well as the in-
ternal articular structures (Rodríguez et al., 2010; 
2008). Diseases affecting this joint usually include 
osteoarthritis and septic arthritis (T. P. Barnett et 
al., 2014; Nagy and Simhofer, 2006).
In the second study, four horses with temporo-
hyoid osteoathropathy and one horse with otitis 
media were included. CT provided comprehen-
sive evaluation of the temporal bone and hyoid 
apparatus, showing similar changes that have 
been previously reported in all cases (Hilton et 
al., 2009; Naylor, Perkins et al., 2010b; Pownder 
et al., 2010; Rand et al., 2012). Luxation of the 
temporohyoid articulation was however ob-
served in 2 of our cases, a very uncommon con-
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dition which, to our knowledge, has not been 
reported on imaging studies before. A traumat-
ic origin was hypothesized in those cases.
4.1.5. Soft tissues
 
Extracranial soft tissue disorders of the head 
are relatively common, and they usually involve 
the tongue, salivary glands, lymph nodes, phar-
ynx, and orbit (P. M. Dixon, 1991; P. M. Dixon 
et al., 2014b). The use of CT and MRI is less 
common than for brain conditions, as noted 
in our first two studies, and is commonly lim-
ited to masses that need further pre-operative 
evaluation after initial ultrasonographic assess-
ment. Compared to ultrasound, CT and MRI 
provide better coverage of the entire lesion on 
the images, using multiple imaging planes and 
larger fields of view, and allow visualization of 
tissues covered by gas or bone (Bienert-Zeit 
et al., 2014; Gerlach et al., 2007a; Jakesova et 
al., 2008; McConnell et al., 2012; Naylor et al., 
2010a; Pekarkova et al., 2009; S. Ramirez and 
Tucker, 2004; Santos et al., 2012; Schneider et 
al., 2010; van den Top et al., 2007; Wollanke 
et al., 2006). Although in our cases both tech-
niques allowed identification of the lesions, 
MRI images provided superior differentiation 
of the soft tissue structures and were better at 
establishing accurate relationship with the sur-
rounding structures.
4.2.  Advances in CT and MRI  
 of the equine head
Clinical use of advanced diagnostic imaging tech-
niques for studying the equine head is increasing 
substantially over the last few years, which is re-
flected in the large number of recent publications 
on this topic. These numbers however remain 
relatively low compared to the number of publi-
cations pertaining to other anatomical regions of 
the horse, and there still remains a lot of knowl-
edge to be gained on this topic.
Compared to MRI, CT of the equine head is ex-
periencing a revolution due to the introduction 
of standing CTs in equine practice, which is 
similar to what happened when standing MRI 
first appeared (Dakin et al., 2014; Porter and 
Werpy, 2014). Challenges in equine head CT 
however remain, such as optimizing protocols 
for contrast studies.
MRI has a great potential for assessing the equine 
head, similarly to small animal or human med-
icine, where several new techniques are being 
described every year. The main limitation of this 
technique lies in the low number of MRI scan-
ners available for horses, together with the high 
costs, the need of general anesthesia and the low 
brain disease case-load in equine practice (Por-
ter and Werpy, 2014). These factors explain the 
very low number of such studies in the literature. 
Recent publications on equine head MRI are fo-
cused on describing normal anatomy of specific 
regions with high-field magnets (J. J. Dixon et 
al., 2014a; Gutierrez-Crespo et al., 2014; Kamin-
sky and Bienert-Zeit, 2014). In the third manu-
script composing this PhD thesis, we developed 
and optimized a technique for performing both 
high-field and low-field MRI angiographic stud-
ies of equine heads without the need of injecting 
a contrast medium. By the same occasion, we 
performed a thorough description of the normal 
vascular anatomy using this technique. Accurate 
evaluation of the equine head vasculature is chal-
lenging due to the complex branching pattern 
and the spatial distribution of the blood vessels. 
Imaging of the cranial vasculature was previously 
described using conventional angiography (Cook, 
1973; Colles and Cook, 1983). Currently, conven-
tional angiography is gradually being replaced by 
other advanced imaging modalities, such as com-
puted tomography angiography and magnetic 
resonance angiography. Both modalities are well 
established diagnostic techniques in human and 
small animal medicine; conversely they are bare-
ly reported in horses. Although diseases affecting 
this system are uncommon in this species, costs 
resulting of the large volume of contrast medium 
often required in horses seem to be the most like-
ly limitation of its use. Therefore, development of 
new alternatives, such as the non-contrast MRA 
technique described in this thesis, will allow per-
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As we mentioned before, there are still sever-
al known conditions that are not described 
with MRI yet. There also remain several find-
ings of unknown clinical significance. Future 
equine head MRI research is therefore needed 
in that direction: describing new MRI features 
of known equine head conditions, determining 
the significance of MRI findings of the brain 
and developing new MRI techniques for study-
ing the equine head. n
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1. Both high-field and low-field magnetic reso-
nance imaging systems are suitable imaging tech-
niques for assessing the equine head with high 
detail, but may be inferior to computed tomogra-
phy for certain conditions.
2. Magnetic resonance imaging can be consid-
ered the gold standard for studying the central 
nervous system, including the brain and cranial 
nerves, as well as the extracranial soft tissues, 
including the orbit, lymph nodes, blood vessels, 
muscles, and salivary glands.
3. Magnetic resonance imaging is adequate for 
studying the nasal cavity and paranasal sinuses, 
and it is particularly useful for differentiating 
space-occupying lesions, where its high soft tis-
sue contrast resolution allows good differentia-
tion of different tissue types. Diagnostic useful-
ness of magnetic resonance imaging in cases of 
dental disease is limited to lesions involving the 
pulp cavity, the periodontal space, the lamina 
dura and the bone marrow of the alveolar bone.
4. Time-of-flight magnetic resonance angiog-
raphy is an excellent technique to assess blood 
vessels of the head and can be performed us-
ing both high-field and low-field magnetic reso-
nance imaging systems in equine patients. This 
rapid sequence provides good visualization of 
all major intra- and extracranial vessels down 
to a size of approximately 2 mm in diameter. 
Visibility of the arterial system is superior than 
the venous system.
5. Time-of-flight magnetic resonance angi-
ography can be incorporated as part of rou-
tine imaging protocols in horses affected with 
soft-tissue space-occupying lesions or vascular 
abnormalities, without excessive increase in ex-
amination time.
6. Computed tomography is another suitable 
imaging technique for assessing the equine head 
with high detail, but has different indications 
than magnetic resonance imaging. Both imaging 
modalities are therefore complementary to each 
other, and when both modalities are available, 
preemptive knowledge of the clinically suspected 
condition is paramount in deciding which modal-
ity is most indicated.
7. Computed tomography can be considered 
the gold standard for studying the skull and 
mandible, the temporomandibular joint, the 
temporohyoid articulation and the teeth. Com-
puted tomography is adequate for studying the 
nasal cavity and paranasal sinuses, being par-
ticularly useful for identifying subtle nasal and 
sinusal wall lesions. Computed tomography 
is undeniably superior to radiology for iden-
tifying sinonasal and dental lesions and when 
available, makes radiology almost obsolete for 
conditions involving these areas.
8. Computed tomography can identify intraven-
tricular and extraaxial brain lesions, however, 
diagnostic usefulness of computed tomography 
in cases of intraaxial lesions is limited. Extrac-
ranial soft tissue lesions can be identified with 
computed tomography, but with less detail than 
with magnetic resonance imaging. n
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1. Tanto la resonancia magnética de alto campo 
como la de bajo campo son técnicas de diagnós-
tico por imagen adecuadas para la valoración en 
detalle de la cabeza del caballo.
2. La resonancia magnética es la técnica de elec-
ción para el estudio del sistema nervioso central, 
tanto del encéfalo como de los nervios craneales, 
y de los tejidos blandos extracraneales, como son 
la órbita, los linfonódulos, los vasos sanguíneos, 
los músculos y las glándulas salivares.
3. La resonancia magnética es una técnica apta 
para el estudio de la cavidad nasal y los senos 
paranasales en el caballo. Gracias al gran con-
traste de tejidos blandos que ofrece esta técnica 
es posible una buena diferenciación entre los 
diferentes tipos de tejidos, lo cual resulta par-
ticularmente útil para diferenciar el origen de 
masas ocupantes de espacio en la cavidad na-
sal y senos paranasales. Sin embargo, el uso de 
la resonancia magnética en casos de patología 
dental se limita a lesiones que afectan a la ca-
vidad pulpar, el espacio periodontal, la lámina 
dura y la médula ósea del hueso alveolar.
4. La técnica de angiografía por resonancia 
magnética es un excelente método para evaluar 
los vasos sanguíneos de la cabeza equina y se 
puede aplicar en resonancia magnética tanto 
de alto como de bajo campo. Esta secuencia 
permite visualizar los principales vasos sanguí-
neos intra- y extracraneales con un grosor su-
perior a 2 mm de diámetro aproximadamente. 
La visualización del sistema arterial es superior 
a la del sistema venoso.
5. La secuencia time-of-flight se puede incorporar 
como parte del protocolo rutinario de resonancia 
magnética en caballos con masas de tejidos blan-
dos o alteraciones vasculares, sin que implique 
un aumento excesivo del tiempo de estudio.
6. La tomografía computarizada es otra técni-
ca de diagnóstico por imagen apta para la valo-
ración en detalle de la cabeza del caballo, pero 
presenta diferentes indicaciones a las de la reso-
nancia magnética. Ambas técnicas son, por tanto, 
complementarias entre sí. Sin embargo, cuando 
se dispone de ambas es preciso tener en cuenta la 
sospecha clínica a la hora de decidir qué técnica 
es la más adecuada.
7. La tomografía computarizada es la técnica de 
elección para el estudio de los huesos del cráneo, 
la mandíbula, la articulación temporomandibu-
lar, la articulación temporohioidea y los dientes. 
Esta técnica es adecuada para el estudio de la 
cavidad nasal y los senos paranasales, siendo es-
pecialmente útil en la identificación de lesiones 
sutiles que afectan a las paredes de la cavidad 
nasal y los senos. La tomografía computarizada 
es innegablemente superior a la radiología en la 
identificación de alteración de la cavidad nasal, 
de los senos paranasales y de los dientes. Por tan-
to, cuando se dispone de esta técnica la radiología 
queda postergada a un segundo plano en el diag-
nóstico de lesiones de esta región.
8. La tomografía computarizada puede identifi-
car lesiones del sistema nervioso central a nivel 
intraventricular y extraaxial, sin embargo, su 
utilidad en casos de lesiones intraaxiales es muy 
limitada. Esta técnica también puede utilizarse 
para la identificación de alteraciones de los teji-
dos blandos extracraneales, aunque con menor 
detalle que la resonancia magnética. n
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